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DESCRIPTION 
PRESSURE SENSOR DEVICE 

<Technical Field> 

[OOOl] The present invention relates to a pressure sensor 

5 device to be used for monitoring an air pressure in a tire, which 
detects pressure fluctuations of gas or liquid and transmits 
electrical signals. The portion comprising an element for 
detecting pressure fluctuations is referred to as "sensor 
section " in this description, hereinafter. 

10 <Background Art> 

[0002] Conventionally, as a pressure sensor device for 

detecting pressure fluctuations of gas or liquid, a type that 
detects fluctuations of an applied pressure as oscillation 
frequency changes of a sensor section has been used. 

15 [0003] As such a conventional pressure sensor device, as 

shown in Fig. 4 0 and Fig. 41, one is known structured so that 
a surface acoustic wave element 104 and a surface acoustic wave 
element 107 formed of comb-shaped electrodes are formed as 
elements of a sensor section on a piezoelectric substrate 101, 

20 and a region of the surface acoustic wave element 104 is set 
thinner than the region of the surface acoustic wave element 
107 (for example, refer to Japanese Unexamined Patent Publication 
No. 61-82130) . 

[0004] In the above-described pressure sensor device, when 

25 the surface acoustic wave element 104 formed in the thinned region 



receives pressure, the surface stress of the piezoelectric 
substrate 101 changes and the acoustic velocity of the surface 
acoustic wave changes, and the intervals of the electrodes of 
the surface acoustic wave element 104 also change. Accordingly, 
5 the resonance frequency of the surface acoustic wave element 
104 changes, and based on this change in resonance frequency, 
the pressure can be detected. 

[0005] The pressure sensor device also has a function to 

compensate the temperature according to a change in resonance 
10 frequency of the surface acoustic wave element 107 formed on 
the same piezoelectric substrate. 

[0006] However, in the above-described conventional 

pressure sensor device, the surface acoustic wave element 104 
formed on the sensor substrate 101 is exposed to the surface 

15 of the sensor substrate 101, and no member is provided to protect 
this, so that when this pressure sensor device is used in a manner 
in that pressure is applied to the sensor substrate 101, the 
surface acoustic wave element 104 is exposed to the air containing 
moisture, and this causes oxidation corrosion and deterioration 

20 of the surface acoustic wave element 104 made of aluminum or 
the like. In such a case, it may become impossible to normally 
work the pressure sensor device. 

[0007] In addition, in the above-described pressure sensor 

device, there is another possibility that foreign matter adheres 
25 to the surface of the surface acoustic wave element 104 exposed 
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to the air during use. In this case, the electrode fingers of 
the surface acoustic wave element 104 are electrically 
short-circuited by the foreign matter and their normal resonance 
characteristics cannot be obtained, and it becomes impossible 
5 to normally work the pressure sensor device. 

[0008] Furthermore, in the above-described conventional 

pressure sensor device, an oscillating circuit to be connected 
to the surface acoustic wave element 104 is disposed so as to 
be separated from the sensor substrate 101, and therefore, it 

10 is difficult to downsize the entire structure of the pressure 
sensor device, and the wiring that connects the surface acoustic 
wave element 104 and the oscillating circuit is easily influenced 
by electromagnetic noise, resulting in erroneous operations and 
lowering in measuring accuracy. 

15 <Summary of the Invention> 

[0009] An object of the invention is to provide a pressure 

sensor device whose reliability can be significantly enhanced 
by excellently protecting the sensor section from the external 
environment . 

20 [0010] Another object of the invention is to provide a 

pressure sensor device that is excellent in reliability and 
downsized by protecting the sensor section and the oscillating 
circuit connected to the sensor section from the external 
environment . 

25 [0011] The pressure sensor device of the invention is 



constructed of a supporting substrate, a sensor substrate having 
on its lower surface a sensor section for detecting pressure, 
and a sealing member that is joined to an upper surface of the 
supporting substrate and the lower surface of the sensor substrate 
5 and forms a sealing space for sealing the sensor section between 
these substrates . 

[0012] According to this pressure sensor device, the sensor 

substrate having on its lower surface a sensor section is mounted 
on the supporting substrate via a sealing member surrounding 

10 the sensor section, and the sensor section is sealed hermetically 
in the sealing space surrounded by the sensor substrate, the 
supporting substrate, and the sealing member, so that the sensor 
section can be insulated from the air containing moisture, and 
changes in electrical characteristics of the sensor section due 

15 to oxidation corrosion and deterioration of the electrodes can 
be efficiently prevented. 

[0013] In addition, according to the pressure sensor device 

of the invention, as described above, the sensor section is 
insulated from the air, and foreign matter, etc. , hardly adheres 

20 to the electrodes of the sensor section, so that desired resonance 
characteristics can be always obtained, and the pressure sensor 
device can normally function for a long period of time. 
[0014] Therefore, the reliability of the pressure sensor 

device can be significantly enhanced. 

25 [0015] The sensor section comprises a surface acoustic wave 
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element for detecting pressure. 

[0016] Furthermore, in the pressure sensor device of the 

invention, an inert gas fills inside the sealing space . By filling 
the inside of the sealing space with the inert gas, oxidation 
5 corrosion of the sensor section and the like disposed inside 
the sealing space is more effectively prevented. 
[0017] Furthermore, in the pressure sensor device of the 

invention, the sensor substrate is made of a piezoelectric 
material, and an IDT electrode is formed on a surface of the 
10 sensor substrate to form the surface acoustic wave element for 
detecting pressure. 

[0018] Furthermore, in the pressure sensor device of the 

invention, electrode pads to be electrically connected to the 
sensor section are provided within the sealing space on the lower 

15 surface of the sensor substrate, and connecting pads to be 
electrically connected to the electrode pads via a conductive 
bonding members are provided within the sealing space on the 
upper surface of the supporting substrate. This structure has 
an advantage in that the connecting section between the sensor 

20 substrate and the supporting substrate can be more excellently 
protected from the external environment. 

[0019] Furthermore, in the pressure sensor device of the 

invention, the sealing member is made of a conductor material, 
and is electrically connected to ground terminals provided on 
25 the supporting substrate . With this structure, the sealing member 
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can function as a shield member, whereby the sensor section inside 
the sealing space is hardly influenced by external noise, and 
can be more stably worked. 

[0020] Furthermore, in the pressure sensor device of the 

5 invention, a concave portion is formed in the upper surface of 
the sensor substrate above the sensor section. With this structure, 
the portion where the concave portion is formed and the sensor 
substrate is thinned is more greatly deformed when it receives 
the pressure, whereby high sensitivity for detecting pressure 

10 is obtained. 

[0021] Furthermore, in the pressure sensor device of the 

invention, a surface acoustic wave element for reference for 
output signal comparison with the surface acoustic wave element 
for detecting pressure is provided on the lower surface of the 

15 sensor substrate positioned outside the region of the concave 
portion. According to this pressure sensor device, while 
referring to an output signal from the surface acoustic wave 
element for reference, the pressure applied to the sensor 
substrate can be detected based on an output signal from the 

20 surface acoustic wave element for detecting pressure. 

[0022] Furthermore, the pressure sensor device of the 

invention further includes a first oscillating circuit that 
oscillates at a predetermined frequency based on a resonance 
frequency of the surface acoustic wave element for detecting 

25 pressure, a second oscillating circuit that oscillates at a 



predetermined frequency based on a resonance frequency of the 
surface acoustic wave element for reference, a difference 
generating circuit that generates and outputs a conversion signal 
by comparing an oscillation signal from the first oscillating 
5 circuit with an oscillation signal from the second oscillating 
circuit, and a modulation circuit that modulates and outputs 
the conversion signal from the difference generating circuit 
and the oscillation signal from the second oscillating circuit 
to the outside. With this construction, the surface acoustic 

10 wave element for detecting pressure and the surface acoustic 
wave element for reference are formedon the same sensor substrate, 
so that temperature dependencies are canceled when the difference 
generating circuit calculates a difference between two 
oscillation signals based on the resonance frequencies of the 

15 elements. This also brings about an advantage in that a pressure 
conversion signal subjected to temperature correction is 
obtained . 

[0023] In addition, to modulate the conversion signal from 

the difference generating circuit, the oscillation signal from 
20 the second oscillating circuit can be used as a carrier signal, 
so that the number of parts can be reduced and the construction 
and assembly processes can be simplified. 

[0024] Furthermore, the pressure sensor device of the 

invention further includes a first oscillating circuit that 
25 oscillates at a predetermined frequency based on delay time of 



an electrical signal generated by the surface acoustic wave 
element for detecting pressure, a second oscillating circuit 
that oscillates at a predetermined frequency based on delay time 
of an electrical signal generated by the surface acoustic wave 
5 element for reference, a difference generating circuit that 
generates and outputs a conversion signal by comparing an 
oscillation signal from the first oscillating circuit with an 
oscillation signal from the second oscillating circuit, and a 
modulation circuit that modulates and outputs the conversion 

10 signal from the difference generating circuit and the oscillation 
signal from the second oscillating circuit to the outside. With 
this construction, temperature dependencies of the delay times 
are canceled when a difference between two oscillation signals 
generated based on the delay times of the electrical signals 

15 generated by the surface acoustic wave elements are calculated. 
Therefore, similarly to the pressure sensor device described 
above, an effect is also brought about in that a pressure 
conversion signal subjected to temperature correction is 
obtained. 

20 [0025] To modulate the conversion signal from the difference 

generating circuit, the oscillation signal from the second 
oscillating circuit can be used as a carrier signal, so that 
the number of parts can be reduced and the construction and 
assembly processes can be simplified. 

25 [0026] Furthermore, in the pressure sensor device of the 



invention, both the elements are arranged in line by interposing 
a reflector therebetween, and the reflector is shared by both 
the surface acoustic wave elements disposed on both sides of 
the reflector. With this structure, by sharing the reflector 
5 by the surface acoustic wave elements disposed on both sides 
of the reflector, the entire length of the surface acoustic wave 
elements can be shortened, so that the pressure sensor device 
can be downsized further. 

[0027] Furthermore, in the pressure sensor device of the 

10 invention, a damping member that blocks transmission of surface 
acoustic waves or lowers the intensities of the surface acoustic 
waves is disposed between the elements on the sensor substrate. 
With this structure, the surface acoustic waves can be effectively 
attenuatedby the damping member, so that ref lectionof the surface 
15 acoustic waves on the end, etc., of the piezoelectric substrate 
can be prevented. 

[0028] Furthermore, in the pressure sensor device of the 

invention, the elements are arranged on the sensor substrate 
so that the surface acoustic wave propagation directions of the 

20 elements become parallel to each other, and both the elements 
are placed in a direction orthogonal to the surface acoustic 
wave propagation directions. In this structure, both surface 
acoustic wave elements are disposed parallel to each other, so 
that the entire length of the surface acoustic wave elements 

25 can be shortened. 
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[0029] Furthermore, in the pressure sensor device of the 

invention, the resonance frequency of the surface acoustic wave 
element for detecting pressure and the resonance frequency of 
the surface acoustic wave element for reference aremade different 
5 from each other. 

[0030] Furthermore, the pressure sensor device of the 

invention comprises the first oscillating circuit, the second 
oscillating circuit, the difference generating circuit, and the 
modulation circuit to form an IC chip, and the IC chip and both 

10 of the elements are mounted on the same substrate. With this 
structure, the first oscillating circuit , the second oscillating 
circuit, the difference generating circuit, and the modulation 
circuit are integrated on a single IC chip, and by mounting the 
IC chip and the sensor elements on the same supporting substrate, 

15 the pressure sensor device can be effectively reduced in weight 
and size. 

[0031] Furthermore, in the pressure sensor device of the 

invention, the sensor substrate is made of a piezoelectric 
material, and the sensor section comprises a surface acoustic 

20 wave element, the thickness of the sensor substrate immediately 
below the reflector is almost equal to that of the region 
immediately below the IDT electrode near the IDT electrode, and 
is gradually increased with distance from the IDT electrode. 
The thickness of the piezoelectric substrate immediately below 

25 the reflector is gradually increased with distance from the IDT 
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electrode, so that the piezoelectric substrate immediately below 
the IDT electrode becomes easier to warp according to a pressure 
change, and the pressure change can be detected well . Therefore, 
downsizing is possible and high sensor sensitivity can be 
5 obtained. 

[0032] Furthermore, in the pressure sensor device of the 

invention, the thickness of the sensor substrate immediately 
below the IDT electrode is allowed to be thinner than the thickness 
of the sensor substrate immediately below the reflector. 

10 [0033] Furthermore, in the pressure sensor device of the 

invention, an electronic part element including a part of the 
oscillating circuits is disposed on the supporting substrate. 
With this structure, the electronic part element including a 
part of the oscillating circuits is also disposed within the 

15 sealing space, so that the electronic part element is also 
protected from the external environment similarly to the sensor 
section, andelectrical characteristics aremaintained excellent . 
In this case, the wiring that connects the sensor section and 
the electronic part element can be shortened by arranging these 

20 close to each other, so that electromagnetic noise influence 
can be minimized and failures such as erroneous operations and 
lowering in measuring accuracy can be effectively prevented. 
At the same time, by also arranging the electronic part element 
including a part of the oscillating circuits within the sealing 

25 space, it becomes unnecessary to separately secure the space 
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for mounting the electronic part element outside the sealing 
space, so that the entire structure of the pressure sensor device 
can be downsized. 

[0034] Furthermore, in the pressure sensor device of the 

invention, the electronic part element is mounted on the upper 
surface of the supporting substrate. By mounting the electronic 
part' element on the upper surface of the supporting substrate, 
the mounting surface is hardly deformed by pressure fluctuations 
from the outside, so that it can be very stably mounted. 
[0035] Furthermore, in the pressure sensor device of the 

invention, a concave portion is formed on the upper surface of 
the supporting substrate or the lower surface of the supporting 
substrate inside the sealing space, and inside the concave portion, 
the electronic part element including the oscillating circuits 
is embedded. With this construction, in the case where the 
electronic part element is embedded in the concave portion formed 
in the upper surface of the supporting substrate, when mounting 
the sensor substrate on the supporting substrate, the distance 
between the sensor substrate and the supporting substrate can 
be comparatively freely set without considering the thickness 
of the electronic part element. In the case where the electronic 
part element is embedded inside the concave portion formed in 
the lower surface of the supporting substrate, when mounting 
the supporting substrate on an external substrate, the assembly 
workability can be improved and the productivity of the pressure 



sensor device can be maintained at a high level. 
[0036] Furthermore, in the pressure sensor device of the 

invention, one end side of one of the sensor substrate and the 
supporting substrate is extended to form an extended portion 
5 while spaced from the other substrate, and the extended portion 
is provided with an acceleration detecting element for detecting 
acceleration. With this construction, the acceleration can be 
detected without separately preparing a substrate for the 
acceleration detecting element, the number of parts canbe reduced, 

10 and the pressure sensor device can be reduced in size and weight . 
[0037] By forming the extended portion on the sensor 

substrate, the sensor substrate more easily warps than the 
supporting substrate, so that the acceleration detecting 
sensitivity can be improved. 

15 [0038] Furthermore, the pressure sensor device of the 

invention includes a transmission circuit that transmits a signal 
modulated from the conversion signal by the modulation circuit 
to the outside, an acceleration detecting circuit that outputs 
a predetermined electrical signal based on an acceleration 

i 

20 detection signal from the acceleration detecting element, power 
supply means that supplies electric power to the transmission 
circuit, and a power supply control circuit that controls power 
supply to the transmission circuit from the power supply means, 
and the power supply control circuit controls power supply from 

25 the power supply means based on whether the acceleration exceeds 
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a threshold. With this construction, when the pressure sensor 
device is installed in a mobile object, only when sensing the 
acceleration such as the time of traveling, the pressure detection 
can be enabled. Therefore, wasteful power consumption of the 
5 power amplifier can be reduced. 

[0039] When the acceleration detecting element is formed 

by a surface acoustic wave element, a pressure detecting section 
and an acceleration detecting element can be both simultaneously 
formed in the same manufacturing process, so that the 
10 manufacturing process can be shortened and the productivity can 
be improved. 

[0040] Furthermore, in the pressure sensor device of the 

invention, an antenna element to be electrically connected to 
the electronic part element is mounted on the upper surface of 

15 the supporting substrate and/or the lower surface of the sensor 
substrate. With this construction, a transmission signal 
outputted from the transmission circuit formed by the electronic 
part element and the sensor section can be radio transmitted 
to another receiving equipment, and the receiving equipment can 

20 obtain pressure information even at a site apart from the pressure 
sensor device. 

[0041] Furthermore, in the pressure sensor device of the 

invention, the antenna element is mounted outside the sealing 
space . 

25 [0042] Furthermore, in the pressure sensor device of the 



invention, an antenna pattern to be electrically connected to 
the electronic part element is deposited on the upper surface 
of the supporting substrate and/or the lower surface of the sensor 
substrate. By depositing an antenna pattern to be electrically 
5 connected to the electronic part element on the upper surface 
of the supporting substrate and/or the lower surface of the sensor 
substrate of the above-described pressure sensor device, the 
pressure sensor device can be thinned, the number of parts can 
be reduced, and this contributes to downsizing and cost reduction 

10 of the pressure sensor device. 

[0043] In addition, in the pressure sensor device of the 

invention, the antenna pattern is mounted outside the sealing 
space. Thereby, an electrical signal outputted from the 
transmission circuit can be radio transmitted with almost no 

15 attenuation. 

[0044] Furthermore, in the pressure sensor device of the 

invention, an antenna pattern to be electrically connected to 
the electronic part element is deposited on the upper surface 
of the sensor substrate. Thereby, the transmission circuit and 

20 the antenna pattern are arranged close to each other, and the 
wiring that connects these canbe shortened. As a result, influence 
of transmission loss due to the wiring is reduced, and the 
electrical signal can be transmitted with almost no attenuation . 
[0045] Furthermore, in the pressure sensor device of the 

25 invention, the antenna pattern is formed in a region except for 
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the region immediately above the surface acoustic wave element 
for detecting pressure. 

[0046] Furthermore in the pressure sensor device of the 

invention, the antenna pattern is meandered. Thereby, the 
5 effective length of the antenna pattern can be lengthened, and 
the gain of the antenna can be increased. 
<BRIEF DESCRIPTION OF THE DRAWINGS> 

Fig. 1 is a sectional view of a pressure sensor device 
according to a first embodiment of the invention; 
10 Fig. 2 is a perspective view of a sensor substrate to be 

used for the samepressure sensor device, on which surface acoustic 
wave elements are mounted; 

Fig. 3 is a sectional view of the pressure sensor device 
including an electronic part mounted on the lower surface of 
15 a supporting substrate 6; 

Fig. 4 is a block diagram showing circuitry of the pressure 
sensor device according to the first embodiment of the invention; 

Fig. 5 is a sectional view of the pressure sensor device 
in which surface acoustic wave elements of a surface acoustic 
20 wave delay line type are mounted; 

Fig. 6 is a perspective view of a sensor substrate on which 
surface acoustic wave elements of the surface acoustic wave delay 
line type are mounted; 

Fig. 7 is a sectional view of the pressure sensor device 
25 in which an electronic part is mounted on the lower surface of 
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the supporting substrate 6; 

Fig. 8 is a perspective view showing another construction 
example of the sensor substrate to be used for the pressure sensor 
device; 

5 Fig. 9 is a perspective view showing still another 

construction example of the sensor substrate to be used for the 
pressure sensor device; 

Fig. 10 is a perspective view showing still another 
construction example of the sensor substrate to be used* for the 
10 pressure sensor device; 

Fig. 11 is a perspective view showing still another 
construction example of the sensor substrate to be used for the 
pressure sensor device; 

Fig. 12 is a perspective view showing still another 
15 construction example of the sensor substrate to be used for the 
pressure sensor device; 

Fig. 13 is a perspective view showing still another 

construction example of the sensor substrate to be used for the 

pressure sensor device; 

20 Fig. 14 is a graph showing an example of resonance 

» 

characteristics of a surface acoustic wave element for detecting 
pressure and a surface acoustic wave element for reference; 

Fig. 15 is a graph showing frequency temperature 
characteristics of the surface acoustic wave elements when a 
25 crystal substrate is used as the sensor substrate 1; 
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Fig* 16(a) is a plan view of a sensor substrate of a pressure 
sensor device according to a second embodiment of the invention; 

Fig. 16(b) is a sectional view of the same sensor substrate; 

Fig. 16(c) is a sectional view of a sensor substrate with 
5 another structure; 

Fig. 17(a) is. a plan view of the pressure sensor device 
according to the second embodiment of the invention mounted on 
a substrate; 

Fig. 17 (b) is a sectional view of the same pressure sensor 
10 device mounted on a substrate; 

Fig . 17(c) is a plan view of a surface acoustic wave element 
mounting surface of a sensor substrate used for the same pressure 
sensor device; 

Fig. 17(d) is a plan view of a supporting substrate on 
15 which the same pressure sensor device is mounted; 

Fig. 18 is a drawing showing a pressure measuring system 
of the same pressure sensor device; 

Fig. 19 is a graph showing the results of measurement of 
resonance characteristics of surface acoustic wave elements used 
20 in the pressure sensor device of the type shown in Fig. 16(b) ; 

Fig. 20 is a graph showing the results of measurement of 
resonance characteristics of surface acoustic wave elements used 
in the pressure sensor device of the type shown in Fig. 16(c); 
Fig. 21 is a sectional view of a pressure sensor device 
25 of a third embodiment of the invention; 



Fig. 22 is a plan view of the lower surface of a sensor 
substrate 1 used for the same pressure sensor device; 

Fig. 23 is a plan view of the upper surface of a supporting 
substrate 6 used for the same pressure sensor device; 
5 Fig. 24 is a circuit diagram showing an electrical 

construction example of oscillating circuits and a difference 
generating circuit of the same pressure sensor device; 

Fig. 25 is a schematic view for describing intervals of 
electrode fingers of an IDT electrode of a surface acoustic wave 
10 element; 

Fig. 2 6 is a sectional view of a pressure sensor device 
added with an antenna element; 

Fig. 27 is a plan view of the lower surface of a sensor 
substrate 1 on which surface acoustic wave elements of a surface 
15 acoustic wave element delay line type are mounted; 

Fig. 28 is a perspective view of a pressure sensor device 
in which an antenna pattern composed of a meandered conductor 
pattern is formed on a supporting substrate; 

Fig. 29 is a sectional view of a pressure sensor device 
2 0 in which an electronic part element is installed in a concave 
portion of a supporting substrate; 

Fig. 30 is a sectional view of a pressure sensor device 
with an acceleration sensor; 

Fig. 31 is a plan view of the lower surface of a sensor 
25 substrate 1 on which an acceleration detecting element having 



a structure of a surface acoustic wave resonator is mounted; 

Fig. 32 is a plan view of the upper surface of a supporting 
substrate 6 of the same pressure sensor device with an acceleration 
sensor; 

Fig. 33 is a block diagram showing circuitry of the same 
pressure sensor device with an acceleration sensor; 

Fig. 34 is a circuit diagram showing detailed circuitry 
of an acceleration detecting circuit and a power supply control 

circuits- 
Fig. 35 is a sectional view of a pressure sensor device 

with an acceleration sensor having another construction; 

Fig. 36 is a plan view of the upper surface of the sensor 

substrate 1; 

Fig. 37 is a plan view of the lower surface of the sensor 
substrate 1; 

Fig. 38 is a sectional view of a pressure sensor device 
with an antenna pattern; 

Fig. 39 is a plan view of the upper surface of a sensor 
substrate used for the same pressure sensor device; 

Fig. 4 0 is an external perspective view of a conventional 
pressure sensor device; and 

Fig. 41 is a sectional view of the conventional pressure 
sensor device. 

<Best Mode for Carrying Out the Invention> 

[0047] Hereinafter, embodiments of the invention will be 



21 

described in detail with reference to the accompanying drawings . 
First embodiment 

[0048] Fig . 1 is a sectional view of a pressure sensor device 

according to an embodiment of the invention, and Fig. 2 is a 
5 perspective view of surface acoustic wave elements 2 and 3 formed 
on the lower surface of a piezoelectric substrate 1 of the pressure 
sensor device. 

[0049] The pressure sensor device is mainly constructed of 

a sensor substrate 1 on which is mounted a surface acoustic wave 
10 element 3 for reference and a surface acoustic wave element 2 
for detecting pressure, a sealing member 4, and a supporting 
substrate 6. 

[0050] A sensor section 11 is formed by the surface acoustic 

wave element 3 for reference and the surface acoustic wave element 

15 2 for detecting pressure. 

[0051] The sensor substrate 1 has in its upper surface a 

concave portion 5, and on the lower surface of the sensor substrate 
1, the surface acoustic wave element 2 for detecting pressure 
is provided in a region immediately below the concave portion 

20 5 (hereinafter, referred to as a thin portion) , and on the portion 
(hereinafter, referred to as a thick portion) other than the 
thin portion, the surface acoustic wave element 3 for reference 
is provided. 

[0052] The sensor substrate 1 ismadeof piezoelectric single 

25 crystal (hereinafter, referred to as "piezoelectric crystal") 



such as crystal, lithium niobate, or lithium tantalate . The main 
surface of the sensor substrate 1 is formed by cutting ingot 
of the piezoelectric crystal at a predetermined cut angle. 
[0053] The surface acoustic wave element 2 for detecting 

5 pressure and the surface acoustic wave element 3 for reference 
are acoustic surface wave type resonators that resonate at 
predetermined frequencies . 

[0054] The surface acoustic wave element 2 for detecting 

pressure consists of an inter-digital transducer (abbreviated 

10 to "IDT") electrode 2a formed on the surface of the sensor 
substrate 1 and reflectors 2b formed on both sides in a surface 
acoustic wave propagation direction of the IDT 2a. The IDT 2a 
and the reflectors 2b are formed by pattern forming to a thickness 
of approximately 2000 angstroms by using the technique of 

15 photolithography or the like by a deposition method such as 
sputtering of a metal material such as aluminum or gold. 
[0055] The surface acoustic wave element 3 for reference 

also consists of, similar to the surface acoustic wave element 
2 for detecting pressure, an IDT 6a formed on the surface of 

20 the sensor substrate 1 and reflectors 6b formed on both sides 
in a surface acoustic wave propagation direction of the IDT 6a. 
The method of manufacturing is the same as that for the surface 
acoustic wave element 2 for detecting pressure. 
[0056] A junction 8 is annularly formed on the surface of 

25 the sensor substrate 1 so as to surround the surface acoustic 



wave element 2 for detecting pressure and the surface acoustic 
wave element 3 for reference. The junction 8 can be formed from 
the same material by the same method as those for the IDTs 2a 
and 6a and the reflectors 2b and 6b. The surface thereof is 
5 subjected to Ni plating or Au plating. For improvement in adhesion 
strength, preferably, the film thickness of the junction 8 is 
formed thick. 

[0057] The reference numeral 7 of Fig. 2 denotes an electrode 

pad for supplying exciting power to each of the surface acoustic 

10 wave element 2 for detecting pressure and the surface acoustic 
wave element 3 for reference. This electrode pad 7 is also formed 
from the same material by the same method as those for the surface 
acoustic wave element 2 for detecting pressure, the surface 
acoustic wave element 3 for reference, and the junction 8. 

15 [0058] On the other hand, the supporting substrate 6 is 

required to have mechanical characteristics such as sufficient 
strength so that it is hardly deformed even by an external pressure, 
so that a multilayered circuit board using a ceramic material 
such as glass-ceramic is preferably used. 

20 [0059] The supporting substrate 6 is manufactured by 

laminating and pressure-bonding a plurality of green sheets on 
which conductor paste that becomes a wiring pattern or via-hole 
conductor is printed and applied so as to form a predetermined 
pattern and integrally firing these. 

25 [0060] On the upper surface of the supporting substrate 6, 



connecting pads (not shown) that are electrically connected to 
the electrode pads 7 formed on the lower surface of the sensor 
substrate 1 via conductive bonding members such as solder are 
formed at portions facing the junction 8 formed on the lower 
5 surface of the sensor substrate 1. 

[0061] As the conductive bonding members that connect the 

electrode pads 7 of the sensor substrate 1 and the connecting 
pads of the supporting substrate 6, for example, solder, a 
conductive resin, or the like is used. 

10 [0062] To avoid obstruction of deforming of the thin portion 

in response to an external pressure, it is desirable that the 
connection between the electrode pad 7 on the lower surface of 
the sensor substrate 1 and the connecting pads of the upper surface 
of the supporting substrate 6 are made at the thick portion. 

15 If the electrode pads 7 on the lower surface of the sensor substrate 
and the connecting pads on the upper surface of the supporting 
substrate 6 are connected at the thin portion, it is desirable 
that a conductive resin that is easily deformed is used as the 
conductive bonding members to be used for this connection. 

20 [0063] On the upper surface of the supporting substrate 6, 

a junction 9 that is joined to the junction 8 via a sealing member 
4 is provided. 

[0064] Between the supporting substrate 6 and the sensor 

substrate 1, the sealing member 4 is interposed so as to surround 
25 the aforementioned surface acoustic wave element 3 for reference, 
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surface acoustic wave element 2 for detecting pressure, and 
electrode pads 7. This sealing member 4 serves as a spacer. 
[0065] As the sealing member 4, a resin can be used, or a 

conductive material can be used. 
5 [0066] When a resin is used as the sealing member 4, a resin 

material excellent in sealing performance such as epoxy resin 
is used. In this case, the junctions 8 and 9 are not necessarily 
provided on the lower surface of the sensor substrate 1 and the 
upper surface of the supporting substrate 6. When the sealing 

10 member 4 is made of a resin material, by providing the sealing 
member 4 with conductivity by adding a predetermined amount of 
a conductive filler such as metal particles thereto and 
electrically connecting this to a ground terminal on the lower 
surface of the supporting substrate, the sealing member 4 can 

15 be made to serve as a shield member similarly to the embodiment 
described below, and the surface acoustic wave element forming 
the sensor section 2 within the sealing space can be made difficult 
to be influenced by external noise and can be stably operated. 
[0067] When a conductive material is used as the sealing 

20 member 4, solder or AuSn that is a blazing material with a high 
melting point is used. Particularly, in the process for mounting 
the pressure sensor device on a mother board or the like, AuSn 
as a blazing material with a high melting point is preferably 
used so as to prevent the junction 8 f rommelting again and changing 

25 its characteristics even when heat is applied. The same effect 
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can be obtained by using AuSi or SnAgCu other than AuSn, so that 
these can be employed. 

[0068] By forming this sealing member 4 in a frame shape 

so as to surround the surface acoustic wave element 3 for reference 
5 and the surface acoustic wave element 2 for detecting pressure, 
within the inner side of this sealing member, that is, in detail, 
within the region surrounded by the sensor substrate 1, the 
supporting substrate 6, and the sealing member 4 (referred to 
as a sealing space S) , the surface acoustic wave element 3 for 

10 reference, the surface acoustic wave element 2 for detecting 
pressure, and the like can be hermetically sealed. Thereby, 
oxidation corrosion or the like of the IDT electrode, etc., 
disposed within the sealing space S can be effectively prevented. 
[0069] Furthermore, by connecting the sealing member 4 to 

15 the ground terminal of the supporting substrate 6, the sealing 
. member 4 is held at the ground potential when the pressure sensor 
device is used, so that electromagnetic shielding canbe improved. 
By this shielding effect, undesirable noise from the outside 
can be greatly reduced by the sealing member 4. 

20 [0070] Furthermore, by using a conductor material as the 

sealingmember 4, along with the shielding effect , heat conduction 
between the supporting substrate 6 and the sensor substrate 1 
can be improved, so that abnormal temperature rise of the sensor 
substrate 1 can be lowered. 

25 [0071] More preferably, the space S surrounded by the sensor 
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substrate 1, the supporting substrate 6, and the sealing member 
4 is filled with an inert gas such as a nitrogen gas or argon 
gas. Thereby, oxidation corrosion of the IDT electrode and the 
like can be more effectively prevented. 
5 [0072] Herein, the design is made so that the resonance 

frequencies of the surface acoustic wave element 2 for detecting 
pressure and the surface acoustic wave element 3 for reference 
become the same when no pressure is applied. 

[0073] The surface acoustic'wave element 2 for detecting 

10 pressure formed on the thin portion lower surface of the sensor 
substrate 1 deforms when it receives an external pressure, changes 
its surface acoustic wave propagation speed at the deformed 
portion, and changes the intervals between electrode fingers 
of the IDT of the surface acoustic wave element 2 for detecting 
15 pressure, and due to these actions, the resonance frequency 
changes. Therefore, a pressure change can be detected based on 
a change in resonance frequency of the surface acoustic wave 
element 7a. 

[0074] Generally, the surface acoustic wave element has 

20 predetermined temperature characteristics, and its resonance 
frequency drifts according to a temperature change. 
[0075] Therefore, influence of the drift according to the 

temperature change must be eliminated, and to eliminate this, 
the surface acoustic wave element 3 for reference is used. Namely, 
25 the portion where the surface acoustic wave element 3 for reference 



is formed is hardly deformed as described above even when it 
receives an external pressure because it is thick. Therefore, 
its resonance frequency changes according to only a temperature 
change, and by using this, resonance frequency change data of 
5 the surface acoustic wave element 2 for detecting pressure is 
corrected, whereby influence of the temperature change can be 
almost completely eliminated. 

[0076] Herein, if the surface acoustic wave element 2 for 

detecting pressure and the surface acoustic wave element 3 for 
10 reference are formed on separate piezoelectric substrates, a 
resonance frequency change is calculated by considering the 
temperature difference between these substrates, and by using 
this change, the influence of the temperature change must be 
eliminated. 

15 [0077] On the other hand, in the pressure sensor device of 

this embodiment, by forming the surface acoustic wave element 

2 for detecting pressure and the surface acoustic wave element 

3 for reference on the same sensor substrate 1, the "resonance 
frequency characteristics according to temperature'' are matched 

20 between the surface acoustic wave element 3 for reference and 
the surface acoustic wave element 2 for detecting pressure. 
Therefore, the resonance frequency changes of the surface 
acoustic wave elements according to a temperature change become 
equal to each other, and only by calculating the difference between 

25 the resonance frequency of the surface acoustic wave element 
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2 for detectingpressure and the resonance frequency of the surface 
acoustic wave element 3 for reference, the influence of the 
temperature change can be almost completely eliminated. Thus, 
temperature compensation can be realized by a very simple 
5 construction and method. 

[0078] To realize the temperature compensation, for example, 

an oscillating circuit that oscillates at a frequency 
corresponding to the resonance frequency of the surface acoustic 
wave element 2 for detecting pressure is formed. Thereby, the 

10 pressure change of the surface acoustic wave element 2 for 
detecting pressure can be detected as an oscillation frequency 
change. In addition, the surface acoustic wave element 3 for 
reference is also connected to another oscillating circuit that 
oscillates at a frequency corresponding to the resonance 

15 frequency of the surface acoustic wave element 3 for reference. 
Then, by outputting a signal of a frequency corresponding to 
the difference between the frequencies of these oscillating 
circuits, the influence of the temperature change can be easily 
and almost completely eliminated. 

20 [0079] Such oscillating circuits can be mounted on the upper 

surface or lower surf ace of the supporting substrate 6or installed 
inside the supporting substrate 6 in the form of an IC chip, 
or can be mounted on a mother board disposed outside the supporting 
substrate 6. 

25 [0080] Fig. 3 is a sectional view of the pressure sensor 

I 



device, showing an example in which the oscillating circuits 
and the like are mounted on the lower surface of the supporting 
substrate 6. 

[0081] On the lower surface of the supporting substrate 6, 

5 a terminal electrode (not shown) is provided, and an IC chip 
12 that integrates a first oscillating circuit, a second 
oscillating circuit, a difference generating circuit, and a 
modulation circuit described later is mounted, and furthermore, 
a power amplifier 15 and an antenna 13 are mounted, and a resin 
10 14 is molded so as to cover these. 

[0082] By thus integrating the first oscillating circuit, 

the second oscillating circuit, the difference generating 

circuit, and the modulation circuit on a single IC chip 12, the 

IC chip 12 and the sensor substrate 1 can be mounted on a common 

15 supporting substrate 6. Thereby, the pressure sensor device is 

> 

reduced in weight and size. 

[0083] Next, the circuitry of the above-described pressure 

sensor device will be described with reference to Fig. 4. 
[0084] The surface acoustic wave element 2 for detecting 

20 pressure is connected to the first oscillating circuit 60a that 
oscillates at a predetermined frequency based on the resonance 
frequency of the element, and outputs an oscillation signal from 
the first oscillating circuit 60a to the difference generating 
circuit 60c. 

25 [0085] The surface acoustic wave element 3 for reference 



is connected to the secondoscillatingcircuit 60b that oscillates 
at a predetermined frequency based on the resonance frequency 
of the element, and similarly to the surface acoustic wave element 
2 for detecting pressure, outputs an oscillation signal from 
5 the second oscillating circuit 60b to the difference generating 
circuit 60c. 

[0086] The difference generating circuit 60c includes a 

mixing element (mixer) for comparing the output signal based 
on the resonance frequency of the surface acoustic wave element 

10 3 for reference with the output signal based on the resonance 
frequency of the surface acoustic wave element 2 for detecting 
pressure. By this difference generating circuit 60c, a conversion 
signal is generated by calculating the difference between the 
two oscillation signals based on the resonance frequencies of 

15 both surface acoustic wave elements, whereby fluctuation of an 
external pressure applied from above the sensor substrate 1 is 
detected. 

[0087] At this point, as described above, the surface 

acoustic wave element 2 for detecting pressure and the surface 

20 acoustic wave element 3 for reference are formed on the same 
sensor substrate 1, so that the temperature dependencies of the 
resonance frequencies are canceled when the difference between 
two oscillation signals based on the resonance frequencies of 
the surface acoustic wave elements is calculated. Thereby, 

25 influence of a temperature change can be easily and almost 
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completely eliminated, and a net pressure change can be detected . 
[0088] The conversion signal generated by the difference 

generating circuit 60c is modulated by the modulation circuit 
by using the oscillation signal from the second oscillating 
5 circuit 60b as a reference signal, and obtained pressure 
fluctuation data is amplified by the power amplifying circuit 
and transmitted and outputted to the outside via the antenna. 
[0089] The oscillation signal based on the resonance 

frequency of the surface acoustic wave element 3 for reference 

10 is thus used as a reference signal for modulating the conversion 
signal, so that it is not necessary to separately prepare an 
oscillating circuit that generates the reference signal. 
Therefore, the number of parts is reduced and the construction 
and assembly processes can be simplified. Thereby, the 

15 productivity of the pressure sensor device can be maintained 
at a high level, and the pressure sensor device can be reduced 
in weight and size. 

[0090] In the circuitry of Fig. 4, the difference generating 

circuit 60c is used to extract the conversion signal; however, 

20 it is also allowed that the first oscillating circuit 60a, the 
second oscillating circuit 60b, and the difference generating 
circuit 60c canbe f ormedby one differential oscillating circuit . 
[0091] Hereinafter, advantages of the pressure sensor 

device of this embodiment will be described. 

25 [0092] According to the pressure sensor device of the 



embodiment, the thickness of the sensor substrate 1 on which 
the surface acoustic wave element 2 for detecting pressure is 
entirely made thinner than the thickness of the portion where 
the surface acoustic wave element 3 for reference is formed, 
5 so that the deformation of the sensor substrate 1 when it receives 
pressure increases, whereby high sensitivity as the pressure 
sensor device is obtained. 

[0093] Furthermore, in the pressure sensor device of this 

embodiment, it becomes possible to match the temperature 
10 characteristics between the surface acoustic wave element 3 for 
reference and the surface acoustic wave element 2 for detecting 
pressure, whereby temperature compensation is realized by a very 
simple construction and method. 

[0094] Furthermore, the surface acoustic wave element 3 for 

15 reference and the surface acoustic wave element 2 for detecting 
pressure are disposed within the space S sealed by the sensor 
substrate 1, the supporting substrate 6, and the sealing member 
4, and the elements and the electrical connection of the elements 
can be protected well from the external environment, so that 
20 reliability of the pressure sensor device is significantly 
improved. 

[0095] In the embodiment of Fig. 1 through Fig. 3, the entire 

disposing region of the surface acoustic wave element 2 for 
detecting pressure is positioned at the thin portion, however, 
25 instead of this, it is also possible that a part of the disposing 
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region of the surface acoustic wave element 2 for detecting 
pressure, for example, only the IDT electrode 2a is positioned 
at the thin portion or the IDT electrode 2a and a part of the 
reflectors 2b is positioned at the thin portion. 
[0096] Next, a method for connecting the supporting 

substrate 6 and the sensor substrate 1 will be described. 
[0097] First, a first wafer having on its upper surface 

connecting pads and the junction 9 and a second wafer having 
on its lower surface the surface acoustic wave element 2 for 
detecting pressure, the surface acoustic wave element 3 for 
reference, the junction 8, and the electrode pads 7 are prepared. 
The first wafer usedherein is a collective substrate of supporting 
substrates 6, and the second wafer is a collective substrate 
of sensor substrates 1. The thickness of the second wafer is 
set to 200 to 300 micrometers . On the second wafer 2, thin portions 
are formed for each of sensor substrates 1 on which individual 
pressure sensor devices are formed. 

[0098] The method for forming this thin portion is as follows . 

The second wafer is affixed to a dicing tape by turning-down 
the electrode forming surface of the surface acoustic wave element 
2 and the like, and in this state, etching or sandblasting is 
applied so that the thickness of the sensor substrate 1 positioned 
immediately below the surface acoustic wave element 2 for 
detecting pressure becomes thinner than other regions. 
[0099] Next, temporary connection is made between the 
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connecting pads of the first wafer and the electrode pads 7 of 
the second wafer and between the junctions 9 of the first wafer 
and the junctions 8 of the second wafer via solder paste. In 
this embodiment , solder paste containing AuSn particles 
5 dispersed in an organic vehicle was used. The solder paste is 
applied onto the connecting pads and the junctions 9 by a 
conventionally known screen printing method or the like. 
[0100] Next, the electrode pads 7 and junctions 8 of the 

second wafer are made to face the corresponding connecting pads 
10 and junctions 9 of the first wafer. 

* 

[0101] Next, by heating the first wafer and the second wafer, 

the solder paste is melted. 

[0102] Thus, the surface acoustic wave element 3 for 

reference and the surface acoustic wave element 2 for detecting 
15 pressure are surroundedby the sealingmember 4, and the electrode 
pads of the first wafer are electrically connected to the electrode 
pads 7 . 

[0103] Next, only the second wafer is cut by dicing and 

divided into a plurality of sensor substrates 1, a liquid resin 

20 is applied to fill the gaps between the piezoelectric substrates 
adjacent to each other, and thermally cured. In this embodiment, 
when applying the liquid resin, the gaps must be effectively 
filled, so that vacuum printing is preferably used. 
[0104] Then, the first wafer is cut by dicing together with 

25 the above-described resin. Pressure sensor devices divided for 



each supporting substrate 6 are thus manufactured. The resin 
serves as a protective member for protecting the end faces of 
the thin sensor substrates 1 . 

[0105] The pressure sensor device thus constructed is 

connected to, for example, the above-described transmission 
circuit 60 and combined with the difference generating circuit, 
the power amplifier, a power source and an antenna, whereby the 
pressure sensor device can be used as a tire state monitoring 
device (TPMS) that is attached to a tire of an automobile and 
transmits and outputs radio signals according to air pressure 
changes in the tire. 

[0106] Next, apressure sensor device using surf ace acoustic 

wave delay lines as surface acoustic wave elements will be 
described with reference to Fig. 5 and Fig. 6. In this embodiment , 
only a difference from the embodiment of Fig. land Fig. 2 described 
above will be described, and for similar components, the same 
reference numerals are used and overlapping description is 
omitted. 

[0107 ] Fig . 5 is a sectional view of a pressure sensor device 

of this embodiment, and Fig. 6 is an external perspective view 
of a sensor substrate 1 to be used for the pressure sensor device. 
[0108] The difference of the pressure sensor device of this 

embodiment from the pressure sensor device of Fig. 1 and Fig. 
2 described above is in that the surface acoustic wave element 
2 for detecting pressure and the surface acoustic wave element 



3 for reference of the sensor substrate 1 are constructed as 
surface acoustic wave delay lines. 

[0109] Namely, the surface acoustic wave element 2 for 

detecting pressure is constructed of a pair of IDT electrodes 
5 2a disposed while spaced from each other on the surface of the 
sensor substrate 1, and a surface acoustic wave propagation path 
2c between the IDT electrodes. Herein, the thin portion of the 
sensor substrate 1 is provided across the entire region of the 
surface acoustic wave element 2 for detecting pressure. 

10 [0110] Similarly, the surface acoustic wave element 3 for 

reference is also a surface acoustic wave delay line type . Namely, 
it is constructed of a pair of IDT electrodes 6a disposed at 
a predetermined distance on the lower surface of the sensor 
substrate 1, and a surface acoustic wave propagation path 6c 

15 between the IDT electrodes. 

[0111 ] On both sides in the surface acoustic wave propagation 

directions of the surface acoustic wave elements 2 and 3, damping 
members 17 made of a silicon resin or the like are formed to 
prevent surface acoustic waves from being attenuated and 

20 reflected by the ends of the piezoelectric substrate. The damping 
members 17 are not necessarily provided if the intensities of 
the surface acoustic waves to be reflected by the ends of the 
sensor substrate 1 are at a permissible level. 
[0112] When an external pressure is applied to the sensor 

25 substrate 1 and the thinportion of the sensor substrate 1 deforms, 
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the surface acoustic wave propagation path length changes in 
the surface acoustic wave element 2 for detecting pressure, and 
at the same time, the surface acoustic wave propagation speed 
at the deformed portion changes, and by these actions, the 
5 electrical signal delay time changes, so that a pressure change 
can be detected as in the case of the aforementioned embodiment 
by detecting the delay time change. 

[0113] To detect the delay time change, for example, an 

oscillating circuit that oscillates at a frequency corresponding 

10 to the electrical signal delay time causedby the surface acoustic 
wave delay line of the surface acoustic wave element 2 for 
detecting pressure is connected. Thereby, the pressure change 
can be detected as an oscillation frequency change. 
[0114] Similarly, to the surface acoustic wave element 3 

15 for reference, an oscillating circuit that oscillates at a 
frequency corresponding to an electrical signal delay time caused 
by the surface acoustic wave element 3 for reference is connected. 
[0115] In this case, the surface acoustic wave element 2 

for detecting pressure and the surface acoustic wave element 

20 3 for reference are also formed on the same sensor substrate 
1, so that the temperature dependencies of the delay times are 
canceled by calculating the difference between the oscillation 
signals of the surface acoustic wave elements 2 and 3, whereby 
temperature correction is made. 

25 [0116] Furthermore, in the embodiment of Fig. 5 and Fig. 



6 described above, the entire disposing region of the surface 
acoustic wave element 2 for detecting pressure is positioned 
at the thin portion, however, instead of this, it is also possible 
that a part of the disposing region of the surface acoustic wave 
5 element 2 for detecting pressure, for example, only the 
propagation path 2c is positioned at the thin portion, or the 
propagation path 2c and a part of the IDT electrodes 2a are 
positioned at the thin portion. 

[0117] The oscillating circuit is realized as an IC chip, 

10 and it can be mounted on the upper surface or the lower surface 
of the supporting substrate 6 or installed inside the supporting 
substrate 6, or can be mounted on a mother board out of the 
supporting substrate 6. 

[0118] Fig. 7 shows an example in which the oscillating 

15 circuit, etc., are mounted on the lower surf ace of the supporting 
substrate 6. 

[0119] On the lower surface of the supporting substrate 6, 

a terminal electrode (not shown) is provided, and an IC chip 
12 that integrates a first oscillating circuit, a second 

20 oscillating circuit, a difference generating circuit, and a 
modulation circuit is mounted, and a power amplifier 15 is further 
mounted, and a resin 14 is molded so as to cover these. 
[0120] The functions of the first oscillating circuit, the 

second oscillating circuit, the difference generating circuit, 

25 and the modulation circuit are completely the same as those 
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described above with reference to Fig. 4, and repetition of 
explanation is omitted herein. 

[0121] Hereinafter, another construction example of the 

pressure sensor device of the invention will be described. 
5 [0122] Fig. 8 shows a structure in which the surf ace acoustic 

wave element 2 for detecting pressure and the surface acoustic 
wave element 3 for reference are arranged in line on the lower 
surface of the sensor substrate 1, and the reflector 2b of the 
surface acoustic wave element 2 for detecting pressure and the 
10 reflector 3b of the surface acoustic wave element 3 are formed 
as a reflector to be shared by the surface acoustic wave elements 
2 and 3 . 

[0123] According to this pressure sensor device, the surface 

acoustic wave element 2 for detecting pressure and the surface 
15 acoustic wave element 3 for reference share the reflector 2b 
(3b) positioned between these elements, so that the area of the 
sensor substrate 1 including the surface acoustic wave element 

2 for detecting pressure and the surface acoustic wave element 

3 for reference can be made smaller, and the pressure sensor 
20 device can be further reduced in weight. As a result, even when 

the pressure sensor device is used for monitoring the air pressure 
in a tire, the centrifugal force generated due to rotation of 
the tire can be made smaller, so that drop off and breakage of 
the pressure sensor device inside the tire can be reduced. 
25 [0124] Fig. 8 shows an example in which the reflector 2b 
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(3b) to be shared is formed across the inside of the forming 
region of the concave portion 5 and the outside of the forming 
region, however, it is also possible that the entirety of the 
reflector 2b (3b) to be shared is formed within the forming region 
5 of the concave portion 5 or outside the forming region of the 
concave portion 5. 

[0125] However, to make it easier to deform the region in 

which the surface acoustic wave element 2 for detecting pressure 
is formed when an external pressure is applied to the pressure 
10 sensor device and increase the sensitivity of the pressure sensor 
device, it is preferable that the entirety of the reflector 2b 
(3b) to be shared is formed within the forming region of the 
concave portion 5. 

[0126] In addition, as shown in the perspective view of Fig. 

15 9, it is also possible that an electrode pad 7 can be shared 
by the IDT electrode 2a of the surface acoustic wave element 
2 for detecting pressure and the IDT electrode 6a of the surface 
acoustic wave element 3 for reference. In this case, the number 
of electrode pads becomes one less, so that the processes can 

20 be simplified. 

[0127] Fig. 10 shows a structure in which a damping member 

16 that blocks transmission of surface acoustic waves or lowers 
the intensities of surface acoustic waves is disposed between 
the surface acoustic wave element 2 for detecting pressure and 

25 the surface acoustic wave element 3 for reference on the sensor 

i 



substrate 1. 

[0128] According to this pressure sensor device, the damping 

member 16 that blocks transmission of surface acoustic waves 
or lowers the intensities of surface acoustic waves is disposed 
between the surface acoustic wave element 2 f or detectingpressure 
and the surface acoustic wave element 3 for reference on the 
surface of the sensor substrate 1, and therefore, even when the 
elements are disposed close to each other so that the carrier 
waves of the surface acoustic waves advance on the same line 
for downsizing the pressure sensor device, carrier waves that 
could not be reflected by the reflectors and leak are absorbed 
well by the damping member 16 positioned between the surface 
acoustic wave element 2 for detecting pressure and the surface 
acoustic wave element 3 for reference. Therefore, the carrier 
waves which leak and the carrier waves of the surface acoustic 
wave element 2 for reference or the surface acoustic wave element 
3 for detecting pressure close to the carrier waves which leak 
rarely interfere with each other, and as a result, pressure 
measurement can be accurately performed. 

[0129] As the damping member 16, any material such as a resin 

or a metal can be used as long as it damps carrier waves, and 
preferably, a material with elasticity represented by silicone 
rubber is used. The damping member is disposed by printing on 
the surface of the sensor substrate 1 by using a conventionally 
known screen printing method when the damping member is made 



of silicone rubber. 

[0130] The damping member 16 is continuously disposed 

between the adjacent reflectors 2b and 3b in a region at least 
from a portion between one-side ends to a portion between the 
5 other side ends, whereby the effect of damping carrier waves 
which leak can be obtained- The width of the damping member 16 
is appropriately determined according to the distance between 
the adjacent reflectors 2b and 3b, and is normally several 
micrometers through several tens of millimeters. By forming the 
10 damping member 16 in contact with the supporting substrate 6, 
an effect of greater damping of the carrier waves which leak 
can be obtained. 

[0131] It is also possible that the damping member 16 is 

formed so as to surround the surface acoustic wave element 2 

15 for detecting pressure and the surface acoustic wave element 
3 for reference, respectively, as shown in Fig . 11 (a) . Furthermore, 
it is also possible that, as shown in Fig. 11(b), the surface 
acoustic wave element 2 for detecting pressure and the surface 
acoustic wave element 3 for reference are surrounded by one large 

20 damping member 16, and at the same time, the damping member 16 
is also disposed between the surface acoustic wave element 2 
for detecting pressure and the surface acoustic wave element 
3 for reference. In this case, by making the damping member 16 
from solder or a conductor material such as a conductive resin, 

25 it can also serve as the function of the junction 8, and the 
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processes are not increased. 

[0132] As shown in Fig. 12, a construction can also be 

employed in which the surface acoustic wave element 2 for detecting 
pressure and the surface acoustic wave element 3 for reference 
5 on the sensor substrate 1 are disposed parallel to each other. 
Namely, the surface acoustic wave element 2 for detecting pressure 
and the surface acoustic wave element 3 for reference are disposed 
parallel to each other so that the propagation directions of 
surface acoustic waves of the elements 2 and 3 become parallel 

10 to each other. 

[0133] According to the pressure sensor device of the 

invention, the surface acoustic wave element 2 for detecting 
pressure and the surface acoustic wave element 3 for reference 
on the sensor substrate 1 are disposed parallel to each other, 

15 so that even when the surface acoustic wave element 2 for detecting 
pressure and the surface acoustic wave element 3 for reference 
are formed on the same substrate for downsizing, the surface 
acoustic waves thereof do not advance on the same line, so that 
the surface acoustic waves generated from the surface acoustic 

20 wave element 2 for detecting pressure and the surface acoustic 
waves generated from the surface acoustic wave element 3 for 
reference do not interfere with each other, and as a result, 
pressure measurement can be accurately performed. 
[0134] From the point of view of prevention of interference 

25 between surface acoustic waves, the surface acoustic wave element 
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2 for detecting pressure and the surface acoustic wave element 

3 for reference can be disposed while their positions in the 
advancing directions of surface acoustic waves are misaligned 
with each other, however, from the point of view of downsizing, 

5 it is preferable that the elements are disposed widthwise parallel 
to each other. 

[0135] In addition, as shown in Fig. 13, when the surface 

acoustic wave element 2 for detecting pressure and the surface 
acoustic wave element 3 for reference aire disposed adjacent and 

10 parallel to each other, the electrode pad 7 is shared by the 
elements, whereby more downsizing is possible. 
[0136] As still another example, it is also possible that 

the surface acoustic wave element 2 for detecting pressure and 
the surface acoustic wave element 3 for reference on the sensor 

15 substrate 1 are formed so that their resonance frequencies are 
different from each other. 

[0137] In this case, the resonance frequency of the surface 

acoustic wave element 2 for detecting pressure and the resonance 
frequency of the surface acoustic wave element 3 for reference 

20 on the sensor substrate 1 are made different from each other, 
so that even when the surface acoustic wave element 2 for detecting 
pressure and the surface acoustic wave element 3 for reference 
are formed close to each other on the same substrate for downsizing, 
the carrier waves of the surface acoustic wave element 3 for 

25 reference and the carrier waves of the surface acoustic wave 
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element 2 for detecting pressure do not interfere with each other, 
so that pressure measurement can be accurately performed. 
[0138] In the pressure sensor device of the invention, when 

the resonance frequency of the surface acoustic wave element 
5 2 for detecting pressure is defined as fr2, its antiresonance 
frequency is defined as fa2, the resonance frequency of the surf ace 
acoustic wave element 3 for reference is defined as fr3, and 
its antiresonance frequency is defined as fa3, these frequencies 
can be set so as to satisfy the following: 
10 fa2 < fr3 (1) or 
fa3 < fr2 (2) . 

[0139] Fig. 14 shows an example of the resonance 

characteristics of the surface' acoustic wave element 2 for 
detecting pressure by a dotted line, and an example of the 
15 resonance characteristics of the surface acoustic wave element 
3 for reference by a solid line provided that the horizontal 
axis shows frequency (unit: MHz) and the vertical axis shows 
insertion loss (unit: dB) . 

[0140] The piezoelectric materials of the surface acoustic 

20 wave element 2 for detecting pressure and the surface acoustic 
wave element 3 for reference have the resonance frequencies (fr) 
at which the insertion loss becomes minimum, and antiresonance 
frequencies (fa) at which the insertion loss becomes maximum 
as shown in the graph of Fig. 14, and satisfy the relationship 
25 of fr < fa. Therefore, the formulas (1) and (2) mean setting 
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of the resonance frequencies and antiresonance frequencies so 
that the frequency band (fr2 to fa2) from the resonance frequency 
fr2 to the antiresonance frequency fa2 of the surface acoustic 
wave element 2 for detecting pressure and the frequency band 
5 ( f r3 to f a3 ) from the resonance frequency f r3 to the antiresonance 
frequency f a3 of the surface acoustic wave element 3 do not overlap 
each other. 

[0141] When resonance frequency fr2 and antiresonance 

frequency f a2 of the surface acoustic wave element 2 for detecting 

10 pressure and the resonance frequency fr3 and antiresonance 
frequency f a3 of the surface acoustic wave element 3 for reference 
do not satisfy the formula (1) or the formula (2) , that is, when 
the frequency band (fr2 to fa2) from the resonance frequency 
fr2 to the antiresonance frequency fa2 of the surface acoustic 

15 wave element 2 for detecting pressure and the frequency band 
( f r3 to f a3 ) from the resonance frequency f r3 to the antiresonance 
frequency f a3 of the surface acoustic wave element 3 for reference 
overlap each other, leak surface acoustic waves of the surface 
acoustic wave element 2 for detecting pressure appear as spurious 

20 in the frequency band of fr2 to fa2, or leak surface acoustic 
waves of the surface acoustic wave element 3 for reference appear 
as spurious in the frequency band from f r2 to f a2 , and the resonance 
characteristics of the surface acoustic wave element 2 for 
detecting pressure and the surface acoustic wave element 3 for 

25 reference are disturbed and accurate pressure measurement 



becomes difficult . 

[0142] Therefore, it is preferable that, when the resonance 

frequency of the surface acoustic wave element 2 for detecting 
pressure is def inedas fr2, its antiresonance frequency is defined 
5 as fa2, the resonance frequency of the surface acoustic wave 
element 3 for reference is defined as fr3, and its antiresonance 
frequency is defined as fa3, the frequencies are set so as to 
satisfy fa2 < fr3 or fa3 < f r2 . 

[0143] Fig. 14 shows resonance characteristics of the 

10 surface acoustic wave element 3 for reference when its resonance 
frequency (fr3) is 314.68 MHz and its antiresonance frequency 
(fa3) is 314.82 MHz. In this case, the resonance frequency fr2 
of the surface acoustic wave element 2 for detecting pressure 
is set to be higher than the antiresonance frequency (fa3=314 . 82 
15 MHz) of the surface acoustic wave element 3 for reference. For 
example, as a detailed element design of the surface acoustic 
wave element 2 for detecting pressure and the surface acoustic 
wave element 3 for reference when a crystal substrate (ST cut 
crystal, surf ace acoustic wave velocity V = 3110 m/s, normalized 
20 film thickness (H/X) = 2%, H: electrode film thickness 
(micrometer) of metal material, k: wavelength (micrometer) ) 

is used as the sensor substrate 1 , the wavelength X2 of the surface 
acoustic wave element 2 for detecting pressure becomes less than 

9.879 micrometers and the electrode finger width P2 of the IDT 

25 electrode becomes less than 2.470 micrometers provided that the 



resonance frequency fr2 of the surface acoustic wave element 
2 for detecting pressure is more than 314.82 MHz. In addition, 
when the resonance frequency fr3 of the surface acoustic wave 
element 3 for reference is equal to 314.68 MHz, the wavelength 

5 X3 of the surface acoustic wave element 3 for reference becomes 
equal to 9.883 micrometers and the electrode finger width P2 
of the IDT electrode becomes equal to 2.471 micrometers . In this 
example, the case of fa3 < fr2 is described, and similarly, in 
the case of f a2 < f r3, the frequencies are set so that the frequency 

10 band (fr2 to fa2) from the resonance frequency fr2 to the 
antiresonance frequency fa2 of the surface acoustic wave element 
2 for detecting pressure and the frequency band (fr3 to fa3) 
from the resonance frequency f r3 to the antiresonance frequency 
fa3 of the surface acoustic wave element 3 for reference do not 

15 overlap each other. 

[0144] Fig. 15 is a graph showing frequency temperature 

characteristics of the surface acoustic wave elements when using 
a crystal substrate as the sensor substrate 1. In Fig. 15, the 
horizontal axis shows temperature (unit: degree C) , and the 

20 vertical axis shows rate of change in frequency (unit: ppm) . 
[0145] When using a single crystal piezoelectric material 

whose frequency temperature characteristics are expressed by 
a quadratic curve represented by a crystal substrate as shown 
in this graph, if the resonance frequency (fr) difference between 

25 the surface acoustic wave element 2 for detecting pressure and 



the surface acoustic wave element 3 for reference becomes great, 
the difference between the turnover temperature of the frequency 
temperature characteristics of the surface acoustic wave element 
2 for detecting pressure and the turnover temperature of the 
5 frequency temperature characteristics of the surface acoustic 
wave element 3 for reference becomes great, and accurate pressure 
measurement becomes impossible, so that this is undesirable . 
[0146] Generally, in a single crystal piezoelectric 

material having a turnover temperature, the turnover temperature 
10 is determined based on the relationship between a cut angle of 
the single crystal piezoelectric material and a normalized film 

thickness (H/X) of the electrode film thickness of the metal 
material for forming the IDT electrode and the like. Herein, 
the reference symbol H denotes an electrode film thickness 

15 (micrometer) of the metal material and X denotes a wavelength 
(micrometer) . 

[0147] However, as in the case of the invention, when 

resonance frequencies of the surface acoustic wave element 2 
for detecting pressure and the surface acoustic wave element 

20 3 for reference are made different from each other, X becomes 
different between the surface acoustic wave element 2 for 
detecting pressure and the surface acoustic wave element 3 for 
reference. Therefore, when the electrode film thickness of the 

metal material is the same, the normalized film thickness (H/X) 
25 is different and the turnover temperature of the frequency 



temperature characteristic is also different. From this 
relationship, when the difference in resonance frequency between 
the surface acoustic wave element 2 for detecting pressure and 
the surface acoustic wave element 3 for reference increases, 
5 the normalized film thickness difference between these also 
increases, and as a result, the turnover temperature difference 
of the frequency temperature characteristics of the elements 
also increases. 

[0148] Therefore, when forming the surface acoustic wave 

10 element 2 for detecting pressure and the surface acoustic wave 
element 3 for reference in the pressure sensor device of the 
invention, the resonance frequencies and antiresonance 
frequencies of these are set so that the frequency band (fr2 
to fa2) from the resonance frequency fr2 to the antiresonance 

15 frequency f a2 of the surface acoustic wave element 2 for detecting 
pressure and the frequency band (fr3 to fa3) from the resonance 
frequency fr3 to the antiresonance frequency fa3 of the surface 
acoustic wave element 3 for reference do not overlap, and in 
the case where a single crystal piezoelectric material whose 

20 frequency temperature characteristics are expressed by a 
quadratic curve like a crystal substrate is used, the surface 
acoustic wave element 2 for detecting pressure and the surface 
acoustic wave element 3 for reference are formed so that their 
turnover temperature difference does not become great, for 

25 example, becomes within ±5 degrees C. 
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[0149] Herein, if the turnover temperature difference is 

more than ±5 degrees C, frequency temperature changes of the 
surface acoustic wave element 2 for detecting pressure and the 
surface acoustic wave element 3 for reference become measuring 
5 errors when measuring a pressure, so that this is undesirable. 
Therefore, if the turnover temperature difference between these 

elements exceeds ±5 degrees C, the electrode film thickness H 
of the metal material is etched by using a metal film etching 
technique such as plasma etching so that the surface acoustic 
10 wave element 3 for reference and the surface acoustic wave element 
2 for detecting pressure have the same normalized film thickness 

(H/X) . 

[0150] In this embodiment, the surface acoustic wave element 

2 for detecting pressure is formed on the lower surface side 

15 of the sensor substrate 1, however, instead of this, it is also 
allowed that the surface acoustic wave element 2 for detecting 
pressure is formed on the upper surface side of the sensor 
substrate 1. 
Second Embodiment 

20 [0151] Hereinafter, a pressure sensor device according to 

a second embodiment of the invention will be described in detail 
with reference to the accompanying drawings. 

[0152] Fig. 16(a) through Fig. 16(c) are drawings showing 

a pressure sensor device according to an embodiment of the 
25 invention, and Fig. 16(a) is a top view and Fig. 16(b) and Fig. 
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16(c) are sectional views. 

[0153] The pressure sensor device shown in these drawings 

includes a sensor substrate 10, anda surface acoustic wave element 
20 for detecting pressure including an IDT electrode 21 and 
5 reflectors 22 formed on the upper surface of the sensor substrate . 
[0154] The sensor substrate 10 is made of, for example, a 

single piezoelectric crystal such as crystal, lithium tantalate 
single crystal, lithium niobate single crystal, lithium 
tetraborate single crystal, or a piezoelectric ceramics such 

10 as lead titanate or lead zirconate, and when a voltage is applied 
to the sensor substrate 10 via the surface acoustic wave element 
20 for detecting pressure, the sensor substrate generates 
predetermined surface acoustic waves on one main surface. 
[0155] The surface acoustic wave element 20 for detecting 

15 pressure is constructed of the IDT electrode 21 that excites 
surface acoustic waves, reflectors 22 disposed on both sides 
of the IDT electrode 21 along the propagation direction of the 
surface acoustic wave, pad electrodes 23 for external connection 
to be electrically connected to the IDT electrode 21, and so 

20 on. The IDT electrode 21, the reflectors 22, and the pad electrodes 
23 are made of a metal material such as aluminum or an alloy 
mainly containing aluminum. 

[0156] The IDT electrode 21 is constructed of band-shaped 

common electrodes disposed parallel to each other, and a pair 
25 of comb-shaped electrodes 21a and 21b including a plurality of 
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electrode fingers extending in directions orthogonal to the 
common electrodes. 

[0157] When predetermined power is externally applied, the 

IDT electrode 21 generates predetermined surface acoustic waves 
corresponding to the arranging pitches of the electrode fingers 
on the upper surf ace of the sensor substrate 10, in detail, surface 
acoustic waves that set the arranging pitches of the electrode 
fingers to 1/2 wavelength. 

[0158] On the other hand, the reflectors 22 shut the energy 

of the surface acoustic waves generated within the forming region 
of the IDT electrode 21 between the pair of reflectors 22a and 
22b to effectively generate standing waves. 

[0159] To the electrode pads 10 formed to be electrically 

connected to the IDT electrodes 21, metal thin wires and bumps 
that make electrical connection to the exterior are joined to 
perform a function of externally applying a predetermined 
external voltage to the IDT electrode 21. 

[0160] The surface acoustic wave element 30 for reference 

has the same construction as that of the surface acoustic wave 
element 20 for detecting pressure described above. 
[0161] The surface acoustic wave element 30 for reference 

is disposed at a distance from the surface acoustic wave element 
20 for detecting pressure so that its resonance frequency does 
not fluctuate before and after pressure fluctuation. The surface 
acoustic wave element 30 for reference includes an IDT electrode 
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31 and reflectors 32 formed on the sensor substrate 10 so that 
its surface acoustic wave propagation direction becomes the same 
as that of the surface acoustic wave element 20 for detecting 
pressure . 

5 [0162] In the pressure sensor device of this embodiment, 

a groove-shaped concave portion 40 or 40' is formed in the lower 
surface of the sensor substrate 10 positioned immediately below 
the IDT electrode 21, and the thickness at this portion becomes 
thinner than other region. 
10 [0163] Particularly, at the concave portion 40 of Fig. 16(b) , 

the thickness of the sensor substrate 10 positioned immediately 
below the reflectors 22 is gradually increased with distance 
from the IDT electrode 21. 

[0164] At the concave portion 40' of Fig. 16(c), the 

15 thickness of the sensor substrate 10 changes stepwise immediately 
below the IDT electrode 21 and. the reflectors 22. 
[0165] Such a pressure sensor device is manufactured by the 

following method. 

[0166] First, amotherboard (wafer) of piezoelectric single 

20 crystal is prepared, and an electrode film is formed on the wafer 
by vapor deposition or sputtering. Next, a resist is spin-coated 
on this electrode film and exposed and developedby using a stepper 
apparatus or the like, and then etched by using an RIE apparatus 
to form an electrode pattern of the IDTs and reflectors on the 
25 wafer. Thereby, a number of surface acoustic wave elements 20 



for detecting pressure and surface acoustic wave elements 30 
for reference are formed lengthwise and widthwise on the surface 
of the wafer. 

[0167] Next, the wafer is affixed to a dicing tape by turning 

5 the electrode forming surface of the surface acoustic wave 
elements down, and in this state, etching or sandblasting is 
applied so that the thickness of the sensor substrate 10 positioned 
immediately below the IDT electrode 21 becomes thinner than other 
region. Thereafter, the wafer is dicing-cut, whereby pieces of 
10 pressure sensor devices are completed. 

[0168] The chip size of the pressure sensor device is 10mm 

x 5mm x 0.3mm (length x width x thickness) when it is used at 
a resonance frequency of approximately 300 MHz although the size 
depends on the resonance frequency of the resonator. 

15 [0169] The thickness of the sensor substrate 10 immediately 

below the IDT electrode 21 is determined based on the relationship 
between desired sensor sensitivity and the resonance frequency 
of the surface acoustic wave element 20 for detecting pressure. 
In detail, the thickness is preferably set in a range of 10 

20 micrometers through 100 micrometers. If the thickness is equal 
to or less than 10 micrometers, the strength of the sensor 
substrate 10 lowers, and problems such as cracks from this portion 
tends to occur. If the thickness is equal to or more than 100 
micrometers, its warping amount due to a pressure is reduced 

25 and the sensitivity lowers. 
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[0170] Figs. 17 are drawings of the pressure sensor device 

of the invention shown in Fig. 16(b) mounted on the supporting 
substrate 6, and Fig. 17(a) is a top view, Fig. 17(b) is a sectional 
view on X-X line of Fig. 17 (a) , Fig. 17 (c) is a top view of the 
pressure sensor device, and Fig. 17(d) is a top view of the 
supporting substrate 6. In this pressure sensor device, the 
surface acoustic wave element 30 for reference is not shown. 

[0171] In Figs. 17, on the tip ends of the pad electrodes 

23 connected to the IDT electrode 21, bump electrodes 61 are 
formed. The bump electrodes 61 are electrically connected to 
bump electrodes 61 formed on the supporting substrate 60 by solder 
bumps 62 . 

[0172] A resin hermetically seals the section between the 

sensor substrate 10 and the supporting substrate 6. A dam to 
prevent flowing-in of the resin is formed between the solder 
bumps 62 and the resin. The section between the sensor substrate 
10 and the supporting substrate 6 is held at the atmospheric 
pressure and hermetically sealed. 

[0173] Next, operations and actual pressure measuring 

method of the surface acoustic wave element 20 for detecting 
pressure of Figs. 17 will be described. 

[0174] Fig. 18 is a schematic view of an actual pressure 

measuring system. In this figure, the pressure sensor device 
is pressurized by nitrogen injected from a nitrogen cylinder 
91 inside a gas chamber 90. Then, a resonance frequency of the 



surface acoustic wave element 20 for detecting pressure is 
measured with a network analyzer 93 while checking a pressure 
rise with a pressure gauge 92. 

[0175] In the pressure sensor device of Figs. 17, resonance 

5 characteristics before pressure fluctuation (atmospheric 
pressure state) and after pressure fluctuation (pressurized 
state) are shown in Fig. 19. The vertical axis of Fig. 19(b) 
shows insertion loss (dB) and the horizontal axis shows frequency 

(MHz)'. 

10 [0176] In this experiment, as a resonator , a surf ace acoustic 

wave resonator (resonance frequency: 315.0 MHz) for RKE (Remote 
Keyless Entry Security) was used. 

[0177] Herein, the resonance characteristics shown by the 

dotted line in Fig. 19 are before pressure fluctuation 
15 (atmospheric pressure state) , and the resonance characteristics 
shown by the solid line are after pressure fluctuation 

(pressurized state) . 

[0178] As understood from Fig. 19, when comparing the 

resonance characteristics before and after the pressure 

20 fluctuation, the resonance characteristics after the pressure 
fluctuation (pressurized state) shift to the lower frequency 
side . This is because the IDT electrode 21 of the surface acoustic 
wave element 20 for detecting pressure is deformed into a convex 
shape due to the pressure fluctuation. Namely, the wavelength 

25 determined by the pitch of the IDT electrode 21 became larger 



due to deformation of the IDT electrode 21, and the resonance 
frequency reciprocal to the wavelength shifted to the lower 
frequency side. 

[0179] Herein, by calculating the relationship between the 

5 resonance frequency change and the pressure in advance, the 
pressure can be calculated by measuring and converting the 
resonance frequency change. 

[0180] Herein, the pressure sensor device of the invention 

is advantageous in that insertion loss of the resonance frequency 
10 does not deteriorate with the resonance characteristics after 
pressure fluctuation (pressurized state) of the surf ace acoustic 
wave element 20 for detecting pressure shown by the solid line 
in Fig. 19. 

[0181] Next, resonance characteristics before pressure 

15 fluctuation (atmospheric pressure state) and after fluctuation 
(pressurized state) of a pressure sensor device structured (Fig. 
16(c) ) so that the thickness of the sensor substrate 10 changes 
stepwise between the portions immediately below the reflectors 
22 and other portion, are shown in Fig. 20. 
20 [0182] The resonance characteristics shown by the dotted 

line of Fig. 20 are before the pressure fluctuation (atmospheric 
pressure state) , and the resonance characteristics shown by the 
solid line are after the pressure fluctuation (pressurized state) . 
As shown in Fig. 20, comparing the resonance characteristics 
25 before and after the pressure fluctuation, in the resonance 



characteristics after the pressure fluctuation (pressurized 
state) , the resonance frequency shifted to the lower frequency 
side . This is because the IDT electrode 21 of the surface acoustic 
wave element 20 for detecting pressure deformed into a convex 
5 shape due to pressure fluctuation. Namely, the wavelength to 
be determined by the pitch of the IDT electrode 21 increased 
due to the deformation of the IDT electrode 21, and the resonance 
frequency reciprocal to the wavelength shifted to the lower 
frequency side, 

10 [0183] Therefore, by calculating the relationship between 

the resonance frequency change and the pressure in advance, the 
pressure can be calculated by measuring and converting the 
resonance frequency change. 

[0184 ] The pressure sensor of the invention is advantageous 

15 in that the resonance frequency change before and after the 
pressure fluctuation is great as shown in Fig. 20. 
[0185] As understood from the results of the experiment, 

in the pressure sensor device of the invention, the thickness 
of the sensor substrate 10 positioned immediately below the IDT 
2 0 electrode 21 of the surface acoustic wave element 20 for detecting 
pressure is made thinner than the thickness of the sensor substrate 
10 positioned immediately below the reflector 20, so that the 
warping amount of the sensor substrate 10 positioned immediately 
below the IDT electrode 21 according to pressure fluctuation 
25 can be increased and the resonance frequency change before and 



61 



after the pressure fluctuation can be increased, whereby a 
pressure sensor with high sensitivity is obtained. 
[0186] Particularly, by increasing the thickness of the 

sensor substrate 10 gradually with distance from the IDT electrode 
5 21, the reflectors 22 on both sides of the IDT electrode 21 follow 
the deformation of the IDT electrode according to the pressure 
fluctuation, so that reflection efficiency of the reflectors 
22 is not lowered by the pressure fluctuation, and resonance 
characteristics that bring about a great effect of energy 
10 confinement of surface acoustic waves within the surface acoustic 
wave element 20 for detecting pressure with smaller loss can 
be obtained. 

[0187] In the above-described embodiment, an example in 

which the invention is applied to a surface acoustic wave resonator 

15 having one terminal pair is described, and the invention is also 
applicable to a resonator or filter that uses a design method 
using a surface acoustic wave energy confinement effect similar 
to the invention. The invention is also applicable to a two 
terminal-pair resonator and a multimode filter. 

20 Third embodiment 

[0188] Hereinafter, a pressure sensor device relating to 

a third embodiment of the invention will be described in detail 
with reference to the drawings. 

[0189] Fig. 21 is a sectional view of the pressure sensor 

25 device, Fig. 22 is a plan view showing the lower surface of the 
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sensor substrate 1 to be used for the pressure sensor device, 
and Fig. 23 is apian view showing the upper surface of a supporting 
substrate 6 to be used for the pressure sensor device. 
[0190] Fig. 24 is a circuit diagram showing an electrical 

5 construction of oscillating circuits and a difference generating 
circuit of the pressure sensor device. 

[0191] The pressure sensor device mainly comprises the 

sensor substrate 1, the supporting substrate 6, an electronic 
part element 50, and a sealing member 4. 
10 [0192] In the sensor substrate 1, the sensor section 11 

deforms according to a pressure applied to the sensor substrate 
1 to detect pressure fluctuation. 

[0193] On the lower surface of the sensor substrate 1, the 

sensor section 11, electrode pads 7, and draw-out electrodes 
15 71 connecting the sensor section 11 and the electrode pads 7 
are formed. Around the sensor section 11, the electrode pads 
7, and the draw-out electrodes 71, a junction 8 is provided so 
as to surround these, and to this junction 8, the sealing member 
4 is joined. 

20 [0194] As a material of the sensor substrate 1, a material 

that can be integrally formed with the sensor section 11 and 
comparatively easily deforms when it receives an external 
pressure is preferable, and for example, apiezoelectricmaterial 
such as crystal, lithium niobate, or lithium tantalate is 

25 preferably used. 



[0195] The sensor section 11 is constructed of a surface 

acoustic wave resonator 2 including IDT electrodes 2a and a pair 
of reflector electrodes 2b formed on both sides in the surface 
acoustic wave propagation direction of the IDT electrodes 2a. 
5 The IDT electrodes 2a are connected to the electrode pads 7 via 
the draw-out electrodes 71. 

[0196] The IDT electrodes 2a and the reflector electrodes 

2b are formed with a thickness of approximately 2000 angstroms 
by pattern forming of a metal material such as aluminum or gold 

10 by means of a conventionally known thin film forming technique 
such as sputtering, vapor deposition or photolithography. 
[0197] The electrode pads 7 and the draw-out electrodes 71 

are also obtained by pattern forming of a metal material such 
as aluminum or gold by means of a thin film forming technique 

15 or photolithography similar to the aforementioned IDT electrode 
2a or the like. It is preferable that the electrode pads 7 are 
formed to be thick in film thickness to improve its adhesion 
strength to the base. Furthermore, Cr, Ni, or Au plating is applied 
to its surface to increase bonding performance to the conductive 

20 bonding members 70. 

[0198] On the other hand, as characteristics required for 

the supporting substrate 6, it is important that the supporting 
substrate has sufficient strength so as not to deform due to 
an external pressure, and as a material thereof, for example, 

25 a multilayer circuit board using a ceramic material such as a 



glass-ceramic material is used. 

[0199] On the upper surface of this supporting substrate 

6, the electronic part element 50 is mounted, and connecting 
pads 53 to be connected to the electrode pads 7 via the conductive 
5 bonding members 70 are provided. The connecting pads 53 are 
electrically connected to the electronic part element 50 by a 
part of an internal wiring pattern 24 formed on the surface or 
inside the supporting substrate 6. Therefore, the surface 
acoustic wave element 2 and the electronic part element 50 are 

10 thus electrically connected to each other. 

[0200] Around the electronic part element 50 and the 

connecting pads 53, a junction 9 is provided so as to face the 
aforementioned junction 8, and the sealing member 4 is joined 
to this junction 9. Therefore, at the inner side of the junctions 

15 8 and 9, a sealing space S surrounded by the lower surface of 
the sensor substrate 1, the upper surface of the supporting 
substrate 6, and the sealing member 4 can be formed. 
[0201] Furthermore, on the lower surface of the supporting 

substrate 6, a plurality of external terminal electrodes 23 are 

20 formed, and these external terminal electrodes 23 are connected 
to a wiring pattern of an external circuit board on which this 
pressure sensor device is mounted. The external terminal 
electrodes 23 are electrically connected to the electronic part 
element 50 and the connecting pads 53, etc. , on the upper surface 

25 of the supporting substrate 6 via the internal wiring pattern 



24 and the via hole conductors 25 of the supporting substrate 
6. 

[0202] The conductive bonding members 70 are made of, for 

example, solder or conductive paste, and it connects the IDT 
5 electrode 2a of the surface acoustic wave element 2 and the 
electronic part element 50 by connecting the electrode pads 7 
of the sensor substrate 1 and the connecting pads 53 of the 
supporting substrate 6. 

[0203] The supporting substrate 6 is manufactured by, in 

10 detail, laminating and press-fitting a plurality of green sheets 
on which the connecting pads 53 , the external terminal electrodes 
23, the internal wiring pattern 24 , and conductor paste to become 
the via hole conductors 25 are printed and applied, and integrally 
firing these. 

15 [0204] Preferably, to the surfaces of the connecting pads 

53 and the external terminal electrodes 23, plating of Cr, Ni, 
Sn, Au or the like is applied as appropriate . Thereby, the bonding 
performance of the connecting pads 53 and the external terminal 
electrodes 23 can be made excellent. 

20 [0205] The sealing member 4 to be interposed between the 

sensor substrate 1 and the supporting substrate 6 is made of, 
for example, a resin or ametal material, and surrounds the surf ace 
acoustic wave element 2 and the electronic part element 50 and 
joins the junction 8 of the sensor substrate 1 and the junction 

25 9 of the supporting substrate 6. Thereby, within the sealing 



space S surrounded by the sensor substrate 1, the supporting 
substrate 6, and the sealing member 4, the IDT electrodes 2a, 
the reflector electrodes 2b, the electronic part element 50, 
and so on are hermetically sealed. Then, this sealing space S 
5 is filled with an inert gas such as a nitrogen gas or argon gas, 
whereby oxidation corrosionof the IDT electrode 2a, the reflector 
electrodes 2b, the electronic part element 50, and so on disposed 
within the sealing space S is effectively prevented. 
[0206] As" such a sealing member 4, when a conductor material 

10 such as solder is used, conductive sealing electrodes are formed 
at the portions of the junction 8 and the junction 9 to which 
the sealing member 4 is joined, so that by electrically connecting 
the sealing electrodes to the ground terminals (external terminal 
electrodes 23 to be connected to the terminals of a ground 

15 potential of the external circuit board) on the lower surface 
of the supporting substrate 6, the sealing member 4 is held at 
the ground potential during use of the pressure sensor device, 
so that a shielding effect of the sealing member 4 can be expected, 
and undesirable external noise can be reduced well by the sealing 

20 member 4. 

[0207] When a conductive resin is used as the sealing member 

4, a shielding effect is also expected by holding it at the ground 
potential . 

[0208] The material andmanuf acturingmethod for the sealing 

25 electrode formed at the junction 8 are the same as those for 
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the electrode pad 7, and the material and manufacturing method 
for the sealing electrode formed at the junction 9 are the same 
as those for the connecting pad 53. 

[0209] The electronic part element 50 is formed by, for 

5 example, an IC chip 51 that integrates oscillating circuits and 
a difference generating circuit and a power amplifier 52. 
[0210] Fig. 24 is a detailed circuit diagram of a 

transmission circuit 60. This transmission circuit 60 includes 
oscillating circuits 60a and 60b and a difference generating 
10 circuit 60c. In this circuit, transistors, resistors, coils, 
capacitors, and surface acoustic wave elements 2 and 3 are disposed 
as appropriate according to the conditions of the oscillation 
frequencies . 

[0211] First, the oscillating circuit 60a is constructed 

15 of the surface acoustic wave element 2, and an oscillation stage 
including an oscillation transistor, capacitors, and resistors 
that adjust the oscillation conditions which enable oscillation 
based on an output signal of the surface acoustic wave element 
2. 

20 [0212] The oscillating circuit 60b is constructed of the 

surface acoustic wave element 3, and an oscillation stage 
including an oscillation transistor, capacitors, and resistors 
that adjust oscillation conditions which enable oscillation 
based on an output signal of the surface acoustic wave element 

25 3. 
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[0213] The difference generating circuit 60c integrates, 

for example, a comparator, operating means, and memory means. 
An output signal of the surface acoustic wave element 2 obtained 
from the oscillating circuit 60a and an output signal of the 
5 surface acoustic wave element 3 obtained from the oscillating 
circuit 60b are compared and referred to by a comparator and 
the data is operated by the operating part to prepare a pressure 
detection signal. 

[0214] Furthermore, the operating part also performs a 

10 function of synthesizing the pressure detection signal into 
carrier waves to be radio transmitted to the outside and preparing 
a high frequency signal. 

[0215] In the difference generating circuit 60c, the output 

signal of the surface acoustic wave element 2 for detecting and 

15 the output signal of the surface acoustic wave element 3 for 
reference are compared by using a comparator, however, it is 
also allowed that a pressure detection signal is extracted by 
using a mixer and a band pass filter based on the two output 
signals of the surface acoustic wave element 2 for detecting 

20 and the surface acoustic wave element 3 for reference. 

[0216] In the above-described circuit, carrier waves for 

radio transmission are prepared based on the surface acoustic 
wave element 3 for reference on the reference side for pressure 
detection, however, other than the oscillating circuit including 

25 the surface acoustic wave element 3 for reference, a carrier 
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wave preparing oscillating circuit can be separately provided. 
[0217] In the pressure sensor device of this embodiment 

constructed as described above, the sensor section 11, that is, 
the surface acoustic wave element 2 deforms according to an 
5 external pressure applied from the outside to the sensor substrate 
1 . As a result, the elastic constant of the piezoelectricmaterial 
at the deformed portion changes and the surface acoustic wave 
propagation speed changes, and in the IDT electrode 2a of the 
surface acoustic wave element 2, the electrode ' finger interval 

10 d shown in Fig. 25 changes, and due to these actions, the resonance 
frequency of the surface acoustic wave element 2 changes . Thereby, 
the oscillation frequencies of the oscillating circuits 60a and 
60b also change, so that the pressure fluctuation applied to 
the sensor substrate 1 is finally detected as a change in 

15 oscillation frequency. 

[0218] Herein, in the pressure sensor device of this 

embodiment, as described above, the sensor section 11 and the 
electronic part element 50 are disposed within the sealing space 
S surrounded by the sensor substrate 1, the supporting substrate 

20 6 and the sealing member 4, so that they are rarely influenced 
by the external environment, whereby reliability is improved. 
[0219] It is not necessary to separately secure a space for 

mounting the electronic part element 50 outside the sealing space 
S, so that the entire structure of the pressure sensor device 

25 can be downsized, and this contributes to high-density mounting 
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and cost reduction. 

[0220] Next, an example of the pressure sensor device to 

which an antenna element is added will be described with reference 
to Fig. 26. 

5 [0221] In the pressure sensor device shown in this figure, 

an antenna element 81 is mounted on the supporting substrate 
6. The antenna element 81 is mounted on the supporting substrate 
6 by soldering or the like. 

[0222] By this antenna element 81, a high frequency signal 

10 with a predetermined frequency outputted from the transmission 
circuit 60 can be radio transmitted to another receiving 
equipment . 

[0223] As the antenna element 81, for example, a 

surface-mounting type chip antenna using a dielectric ceramic 
15 is used. 

[0224] The antenna element 81 is connected to the output 

terminal 62 of the transmission circuit 60 shown in Fig. 24 via 
a power amplifier 52. When the transmission power is allowed 
to be small, the antenna element 81 can be directly connected 

20 to the output terminal 62 of the transmission circuit 60. 

[0225] Preferably, the antenna element 81 is disposed 

outside the sealing space S made by the sealing member 4 as shown 
in Fig. 26. Thereby, radio wave interference between the antenna 
element 81 and the surface acoustic wave element 2 and the 

25 electronic part element 50 inside the sealing space S can be 



avoided, and the high frequency signal can be radio transmitted 
with almost no attenuation. 

[0226] According to the pressure sensor device 80 of this 

embodiment described above, by protecting the surface acoustic 
5 wave element 2 of the sensor section 11 and the electronic part 
element 50 of the transmission circuit 60, etc., from the external 
environment, reliability is improved and the entire structure 
can be downsized. 

[0227] Next, a pressure sensor device using a surface 

10 acoustic wave delay line as the surface acoustic wave element 
2 will be described with" reference to Fig. 27 . Fig. 27 is a plan 
view of the lower surface of a sensor substrate 1 to be used 
for the pressure sensor of this embodiment. 

[0228] The point of difference of the pressure sensor device 

15 of this embodiment from the pressure sensor device of Fig. 21 
and Fig. 22 is in that the surface acoustic wave element 2 of 
the sensor section 11 is constructed of a pair of IDT electrodes 
2a disposed on the lower surface of the sensor substrate 1 while 
spaced from each other, and a surface acoustic wave propagation 
20 path 2c between the IDT electrodes. 

[0229] On the lower surface of the sensor substrate 1, on 

both sides of the surface acoustic wave element 2, in detail, 
on both sides in the surface acoustic wave propagation direction, 
damping members 17 made of a silicon resin or the like that 
25 attenuate the surface acoustic waves and prevent the surface 
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acoustic waves from being reflected by the ends of the sensor 
substrate 1 are formed. 

[0230] By using such a surface acoustic wave delay line, 

an oscillating circuit that oscillates at a frequency 
5 corresponding to an electrical signal delay time caused by the 
surface acoustic wave delay line can be constructed. 
[0231] When an external pressure is applied to the sensor 

substrate 1 from above and a stress is applied to the surface 
acoustic wave propagation path 2c of the surface acoustic wave 

10 element 2 of the sensor section 11, the propagation path 2c is 
distorted, and due to an elastic constant change, the surface 
acoustic wave propagation speed changes, and the length of the 
surface acoustic wave propagation path 2c changes. By these 
actions, the electrical signal delay time changes, and 

15 accordingly, the surface acoustic wave element 2 and an 
oscillation frequency of an oscillating circuit connected to 
the surface acoustic wave element changes. Therefore, the 
pressure sensor device of this embodiment also serves as apressure 
detecting element similar to the aforementioned pressure sensor 

20 device. 

[0232] In addition, as shown in Fig. 28, it is also possible 

that an antenna pattern 82 formed by, for example, a meandered 
conductor pattern can be formed instead of the antenna element 
81 . Even in this case using the antenna pattern 82, it ispreferable 
25 that the antenna pattern 82 is disposed outside the sealing space 
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S formed by the sealing member 4 to prevent attenuation of radio 
transmission . 

[0233] In the embodiment of Fig. 26 through Fig. 28, the 

antenna element 81 and the antenna pattern 82 are disposed on 
5 the supporting substrate 6, and as a matter of course, these 
antennas can be disposed on the sensor substrate 1. 
[0234] Next, an example in which in the upper surface of 

the supporting substrate 6, a cavity having a concave section 
is formed according to the size of the electronic part element 
10 50, and the electronic part element 50 is mounted so that a part 
or the entirety of the electronic part element 50 is embedded 
in the cavity, will be described. 

[0235] Fig. 29 is a sectional view of an embodiment in which 

a concave portion 80a is formed in the supporting substrate 6 
15 and the electronic part element 50 is installed in the concave 
portion 80a. 

[0236] According to this embodiment, the concave portion 

80a in which the electronic part element 50 is embedded is provided 
in the upper surface of the supporting substrate 6, and the 
20 electronic part element 50 is installed in the concave portion 
80a. 

[0237 ] According to this structure , even when the electronic 

part element 50 is a tall part, it is embedded in the concave 
portion 80a of the supporting substrate 6, so that when mounting 
25 the sensor substrate 1 on the supporting substrate 6, the distance 



between the sensor substrate 1 and the supporting substrate 6 
can be freely set without considering the thicknesses of the 
electronic part element 50 and the degree of freedom in design 
of the pressure sensor 1 can be increased. In addition, the 
5 assembly workability is improved and the productivity of the 
pressure sensor 1 can be maintained at a high level. 
[0238] Furthermore, the electronic part element 50 is also 

hermetically sealed within the sealing space S in which the sensor 
section 11 is sealed, so that the electronic part element 50 

10 is protected well. 

[0239] Furthermore, by disposing the sensor section 11 and 

the electronic part element 50 close to each other, wiring that 
connects these can be shortened and influence of electromagnetic 
noise is minimized, and erroneous operations and lowering in 

15 measuring accuracy can be effectively prevented. In addition, 
the mounting surface (bottom surface of the concave portion 80a) 
of the electronic part element 50 is hardly deformed by external 
pressure fluctuation, and the electronic part element 50 can 
be mounted in a very stable state. 

20 [0240] In the above-described embodiment, the concave 

portion 80a in which the electronic part element 50 is embedded 
is formed in the upper surface of the supporting substrate 6, 
however, instead of this, it is also allowed that the concave 
portion 80a in which the electronic part element 50 is embedded 

25 is formed in the lower surface of the supporting substrate 6. 
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[0241] Furthermore, in the above-described embodiment , the 

electronic part element 50 is completely embedded in the concave 
portion 80a, however, instead of this, it is also possible that 
the electronicpart element 50 is partially embedded in the concave 
5 portion 80a so that a part of the electronic part element projects 
from the opening of the concave portion 80a. 

[0242] Next, a pressure sensor device formed by adding an 

acceleration sensor to the pressure sensor device described above 
will be described in detail with reference to the drawings. 
10 [0243] Fig. 30 is a sectional viewof apressure sensor device 

with an acceleration sensor. 

[0244] The pressure sensor device with an acceleration 

sensor shown in the figure is mainly constructed of a supporting 
substrate 6 on which an electronic part element 50 is mounted, 
15 a sensor substrate 1 on which a sensor section 11 and an 
acceleration detecting element 41 are mounted, a sealing member 
4, and so on. 

[0245] In this pressure sensor device with an acceleration 

sensor, one end side 56 of the sensor substrate 1 is extended 
20 further outward than a pressure detecting region, and on the 
lower surface of this extended portion 56, the acceleration 
detecting element 41 is formed. 

[0246] According to this acceleration detecting element 41 , 

the acceleration detecting element 41 deforms due to application 
25 of acceleration G, whereby detecting the acceleration. 
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[0247] The acceleration detecting element 41 can be 

constructed of an IDT electrode 2a and a pair of reflectors formed 
on both sides of a surface acoustic wave propagation direction 
similar to the surface acoustic wave element 2 for detecting 
5 pressure. 

[0248] Fig. 31 is a plan view of the lower surface of the 

sensor substrate 1 on which the acceleration detecting element 
41 having a structure of a surface acoustic wave resonator is 
mounted. 

10 [0249] The IDT electrode 2a is connected to the electrode 

pad 67 via the draw-out electrode 72 as shown in Fig. 30 and 
Fig. 31. The electrode pad 67 is electrically connected to the 
connecting pad 68 on the supporting substrate 6 via the conductive 
bonding member 69. The electrode pads 67 and the draw-out 

15 electrodes 72 are obtained by pattern forming of a metal material 
such as aluminum or gold by means of a thin film forming technique 
or photolithography similar to the electrode pads 7 and the 
draw-out electrodes 71 formed around the surface acoustic wave 
element 2 for detecting pressure described above. 

20 [0250] In addition, by forming a weight 73 on the tip end 

of the acceleration detecting element 41, the acceleration G 
detecting sensitivity can be improved. The weight 73 is formed 
by bonding a plate or laminate made of, for example, a metal 
or ceramic to the end of the extended portion 56 by an adhesive. 

25 [0251] When the acceleration detecting element 41 is formed 



of a surface acoustic wave element as described above, it is 
preferable that a case 97 is provided so as to hermetically seal 
the surface acoustic wave element. Thereby, oxidation corrosion 
of the IDT electrode 2a is prevented. 
5 [0252] The width w2 of the shorter side of the extended 

portion 56 can be arbitrarily set. By setting the width w2 of 
the shorter side of the extended portion 56 narrower than the 
width wl of the portion of the sensor substrate 1 where the surface 
acoustic wave element 2 for detecting pressure is formed, the 

10 extended portion 56 becomes easier to warp according to 
application of acceleration, and the acceleration detecting 
sensitivity can be advantageously improved. In addition, by 
setting the width w2 of the shorter side of the extended portion 
56 and the width wl of the portion of the sensor substrate 1 

15 where the surface acoustic wave element 2 for detecting pressure 
is formed equal to each other, the process of grinding the sensor 
substrate 1 to form the extended portion 56 can be omitted, whereby 
the manufacturing processes of the pressure sensor device 1 can 
be advantageously simplified. 

20 [0253] As described above, at least one end side of the sensor 

substrate 1 is extendedoutward while spaced from the upper surface 
of the supporting substrate 6, and the acceleration detecting 
element 41 is formed at the extended portion 56, so that it is 
not necessary to separately prepare a substrate for the 

25 acceleration detecting element 41, the number of parts can be 
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reduced, and the pressure sensor device can be reduced in size 
and weight . 

[0254] In addition, the surface acoustic wave element 2 for 

detecting pressure and the acceleration detecting element 41 
5 can be formed by the same manufacturing process, and this 
contributes to improvement in productivity of the pressure sensor 
device. 

[0255] Fig. 32 is a plan view of the upper surface of the 

supporting substrate 6 of this pressure sensor device with an 

10 acceleration sensor. 

[0256] On the supporting substrate 6, at a portion out of 

the portion where the frame-shaped junction 9 is constructed, 
circuit elements of an acceleration detecting circuit 86, a power 
supply control circuit 87, and a power amplifier 96, described 

15 later, and an antenna element 95 are mounted. 

[0257] Fig. 33 is a circuit block diagram showing mutual 

connection among a transmission circuit 60, an acceleration 
detecting circuit 86 including the acceleration detecting 
element 41, a power supply control circuit 87, a power amplifier 

20 96, and the antenna element 95, etc. 

[0258] The transmission circuit 60 includes, for example, 

active parts such as ICs and transistors and passive parts such 
as resistors and capacitors, and is electrically connected to 
the surface acoustic wave element 2 to transmit an electrical 

25 signal with a predetermined frequency. The transmission circuit 
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60 is connected to the power amplifier 96, whereby a transmission 
signal outputted from the transmission circuit 60 can be 
amplified. 

[0259] On the other hand, a detection output of the 

5 acceleration detecting circuit 8 6 is supplied to the power supply 
control circuit 87. Then, the power supply control circuit 87 
is connected to the transmission circuit 60 and the power amplifier 
96 so that the power supply from a power source 85 to the 
transmission circuit 80 and the power amplifier 96 is controlled 

10 by the power supply control circuit 87. 

[0260] The antenna element 95 can radio transmit an 

electrical signal with a predetermined frequency that was 
outputted from the transmission circuit 60 and amplified by the 
power amplifier 96 to another receiving equipment. Therefore, 

15 receiving equipment that has received radio waves from the antenna 
element 95 can obtain pressure information even at a site apart 
from the pressure sensor device. As such an antenna element 95, 
for example, a surface mounting type chip antenna or the like 
using a dielectric ceramic is used, and is mounted on the 

20 supporting substrate 6 by soldering or the like. 

[0261] An embodiment in which the antenna element 95 is 

formed on the upper surface of the sensor substrate 1 will be 
described later with reference to Fig. 38 and Fig. 39. 
[0262] Fig. 34 is a circuit diagram showing detailed 

25 circuitry of the acceleration detecting circuit 86 and the power 
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supply control circuit 87. The acceleration detecting circuit 
86 is constructed, as shown in Fig . 34, the acceleration detecting 
element 41 andaprotector circuit and an operation power amplifier 
formed of diodes, and the power supply control circuit 87 is 
5 constructed of a high pass filter including a capacitor and a 
resistor, a comparing voltage source, and an operation power 
amplifier . 

[0263] Next, operations for detecting acceleration and 

pressure by using the pressure sensor device with the acceleration 
10 sensor described above will be described with reference to the 
circuit diagrams of Fig. 33 and Fig. 34. Herein, explanation 
is given by assuming that the pressure sensor device is installed 
inside a tire of a vehicle. 

[0264] First, operations for detecting the acceleration 

15 will be described. When the vehicle starts running, the number 
of rotations of the tire increases, andaccelerationG is generated 
according to the rotation. When this acceleration G is applied 
to the acceleration detecting element 41, a bending moment is 
applied to the acceleration detecting element 41 due to a force 
20 applied to the extended portion 56 and the weight 73, and the 
acceleration detecting element 41 warps and the acceleration 
detecting element 41 deforms. As a result, a surface acoustic 
wave propagation speed changes due to a change in elastic constant 
at the distorted portion of the sensor substrate 1, and the 
25 electrode finger arranging pitch d (shown in Fig. 25) of the 



IDT electrode 2aof the acceleration detecting element 41 changes, 
and by these actions, the resonance frequency of the acceleration 
detecting element 41 changes. 

[0265] Then, an electromotive force in proportion to the 

5 change is generated, and based on this electromotive force, the 
acceleration is detected by the acceleration detecting circuit 
8 6, and a control signal in proportion to the resonance frequency 
change or the impedance change is obtained . Then, when this control 
signal is inputted into the power supply control circuit 87, 

10 if the level of the control signal exceeds a threshold according 
to a predetermined vehicle speed, power is supplied from the 
power source 85 such as a battery to the transmission circuit 
60 and the power amplifier 96, and if the level of the control 
signal is equal to or lower than the threshold, power is not 

15 supplied from the power source 85 to the transmission circuit 
60 and the power amplifier 96. 

[0266] Therefore, only when the vehicle travels at a speed 

equal to or higher than the predetermined speed, power can be 
supplied. Thereby, power consumption of the pressure sensor 
20 device can be effectively reduced and power consumption of the 
power amplifier is reduced, and the life of the power source 
can be lengthened. 

[0267 ] The thresholdof the control signal canbe arbitrarily 

set by properly selecting circuit elements of the power supply 
25 control circuit 87. 
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[0268] It is also possible that the acceleration detecting 

element 41 formed on the sensor substrate 1 can be formed of 
a surface acoustic wave delay line constructed of a pair of IDT 
electrodes disposed while spaced from each other and a surface 
5 acoustic wave propagation path between the IDT electrodes* 
[0269] In the case where the surface acoustic wave delay 

line is thus used, when acceleration G is applied to the sensor 
substrate 1, due to a force applied to the extended portion 56 
and the weight 73, a bending moment is applied' to the sensor 

10 substrate 1 and the acceleration detecting element warps, and 
the surface acoustic wave element deforms . Thereby, when a stress 
is applied to and distorts the surface acoustic wave propagation 
path of the surface acoustic wave element, due to a change in 
elastic constant at this portion, the surface acoustic wave 

15 propagation speed changes, and the length of the surface acoustic 
wave propagation path changes . Then, according to these actions, 
the electrical signal delay time changes, whereby the oscillation 
frequency of the oscillating circuit changes. Therefore, the 
acceleration detecting element constructed of a surface acoustic 

20 wave delay line also functions as an acceleration detecting 
element similarly to the acceleration detecting element 41 in 
the aforementioned embodiment. 

[0270] In the construction of Fig. 30, the acceleration 

detecting element 41 is formed on only the lower surface of the 
25 extended portion 56, however, instead of this, it is also allowed 
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that the acceleration detecting element 41 is formed on both 
upper and lower surfaces of the extended portion 56. In this 
case, by calculating a difference in out puts between the two 
acceleration detecting elements 41 formed on both upper and lower 
5 surfaces of the extended portion 56, influence of a temperature 
change or the like can be corrected, and the measuring accuracy 
of the acceleration detecting elements 41 can be improved. 
[0271 ] Next, amodified example of the pressure sensor device 

with an acceleration sensor of the invention will be described. 

10 [0272] Fig. 35 is a sectional view of a pressure sensor device 

with an acceleration sensor of the invention, Fig. 36 is a plan 
view of the upper surface of the sensor substrate 1., and Fig. 
37 is a plan view of the lower surface of the sensor substrate 
1. For the same parts as those of the pressure sensor device 

15 with the acceleration sensor shown in Fig. 30, the same symbols 
are attached and explanation thereof is omitted. 
[0273] In the pressure sensor device of Fig. 30, the 

acceleration detecting element is constructed of a surface 
acoustic wave resonator formed on one surface of the extended 

20 portion 56, however, in the pressure sensor device shown in Fig. 
35, instead of this, the acceleration detecting element is 
constructed by two monomorph elements 77 formed on the respective 
upper and lower surfaces of the extended portion 56 . The monomorph 
elements 77 use bulk vibrations of the sensor substrate 1, and 

25 can be formed by depositing vibration electrodes 98 onto both 
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upper and lower surfaces of the extended portion 56 of the sensor 
substrate 1 . 

[0274] For the vibration electrodes 98, a metal material 

such as silver is used, and the vibration electrodes are formed 
5 by a film forming technique such as a conventionally known 
sputtering and vapor deposition method. 

[0275] Such amonomorph type acceleration detecting element 

detects acceleration as follows. First, when acceleration G is 
applied to the extended portion 56 and the weight 73, the sensor 

10 substrate 1 warps and the monomorph element 77 formed at the 
extended portion 56 deforms. At this point, an electromotive 
force according to the deformation of the monomorph element is 
generated, and by using this, the acceleration can be detected. 
[0276] When the acceleration detecting element is thus 

15 constructed by the monomorph elements 77, the pattern form can 
be formed as a solid pattern, and hermetical sealing is not 
necessary, so that it can be comparatively easily formed and 
theproductivityof thepiezoelectric sensor device 1 is improved. 
[0277] In Fig. 35, two monomorph elements 77 are deposited 

20 on both upper and lower surfaces of the extended portion 56, 
however, a multilayer structure such as a bimorph element can 
also be used. 

[0278] Next, a pressure sensor device to which an antenna 

pattern is attached will be described in detail with reference 
25 to the drawings. 
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[0279] Fig . 38 is a sectional viewof apressure sensor device 

having an antenna pattern, and Fig. 39 is a plan view of the 
upper surface of a sensor substrate to be used for the pressure 
sensor device. 

5 [0280] In this embodiment, only a difference from the 

aforementioned embodiment of Fig. 2 6 and Fig. 28 is described, 
and the same reference numerals are used for the same components 
and overlapping explanation thereof is omitted. 
[0281] The pressure sensor device of this embodiment is 

10 different from the pressure sensor device of Fig. 26 and Fig. 
28 in that the pressure sensor device of this embodiment has 
an antenna pattern 85 on the upper surface of the sensor substrate 
1 . 

[0282] This antenna pattern 85 is for radio transmitting 

15 an electrical signal with a predetermined frequency outputted 
from the transmission circuit 60 to another receiving equipment 
via the power amplifier 96. 

[0283] This antenna pattern 85 is formed in a meandered form 

in a region except for the region 88 immediately above the sensor 
20 section 11 on the upper surface of the sensor substrate 1 as 
shown in Fig. 39. 

[0284] The pattern forming of this antenna pattern 85 is 

performed by thick film printing of a metal material such as 
aluminum or a copper foil. The pattern line width and film 
25 thickness of the antenna pattern 85 used herein are approximately 
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100 micrometers and 10 micrometers, respectively, and as the 

pattern length, a length of approximately X/4 or 5K/S of the 
wavelengthof the frequency to be transmittedis formedby changing 
the number of times of meandering (length) of the pattern. 
5 [0285] The power supply terminals of the antenna pattern 

85 are shown by the reference numeral "87". On the side surface 
of the pressure sensor device, power supply lines 8 6 extending 
from the power supply terminals 87 are formed. The power supply 
lines 8 6 are connected to one of 'the internal wiring patterns 

10 24 of the supporting substrate 6 of the pressure sensor device 
along the side surface of the pressure sensor device. 
[0286] Between the supporting substrate 6 and the sensor 

substrate 1, 'a sealing member 4 is interposed so as to surround 
the above-described surface acoustic wave element 2 for detecting 

15 pressure, the electronic part element 50, the connecting pads 
53, and the electrode pads 7. This sealing member 4 can be made 
of a resin, however, in order to provide a shielding effect to 
cut undesirable external noise, and at the same time, in order 
to obtain excellent heat conduction between the surface acoustic 

20 wave element 2 for detecting pressure and the surface acoustic 
wave element 3 for reference, preferably, the sealing member 
4 is made of a conductor material such as solder. 
[0287] However, when a conductor material is used for the 

sealing member 4, it is necessary that the power supply line 

25 86 formed on the side surface of the pressure sensor device and 



the sealing member 4 must be insulated from each other . Therefore, 
an insulating resin or the like is formed on the outer surface 
of the sealing member 4 to prevent short-circuits between the 
sealing member 4 and the power supply line 86. 
5 [0288] In the pressure sensor device of this embodiment, 

the electronic part element 50 and the antenna pattern 85 are 
disposed close to each other, so that the power supply line 8 6 
connecting these can be shortened. Therefore, influence of 
transmission loss due to the wiring line 86 can be minimized 

10 and the electrical signal outputted from the transmission circuit 
60 can be transmitted with almost no attenuation. As a result, 
power consumption of the battery can be reduced. 
[0289] In addition, the antenna pattern 85 is formed in a 

meandered form on the upper surface of the sensor substrate 1 

15 except for the region 88 immediately above the sensor section 
11, so that it is not necessary to separately prepare a substrate 
for the antenna, the number of parts can be reduced, and this 
contributes to downsizing and cost reduction of the pressure 
sensor device. 

20 [0290] In this embodiment, as the antenna pattern 85 on the 

upper surface of the sensor substrate 1, a meandered loop- type 
antenna is formed, however, instead of this, a dipole-type antenna 
element or the like can also be formed. 

[0291] The invention is not limited to the above-described 

25 embodiments, and it can be variously modified and improved within 
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the scope without deviating from the spirit of the invention. 
For example, in the above-described embodiments, a single crystal 
piezoelectricmaterial is used for the sensor substrate, however, 
instead of this, a multicrystal piezoelectric material can also 
be used. 



